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INTRODUCTION 



The 02620-60 087 Processor PGA performs the terMinal logic Functions for 
the 2 6 22 A terMinal. Its operation is based on the Z80A Microprocessor 
a n cl t h e N a t i o n a I 8 e m :i. c o n d u c t o r 8 3 6 7 C R T C o n tro 1 1 e r ( C R T G ) . 

T h e c o n t r o I a n d 1 / O s e c t i o n o f t h e P r o c e s s o r P C A p r o v i d e s c o n t r o J. 
signal s, input/output and data processing functions. The Memory 
section provides 1.6K bytes of dynaMic RAM for display Memory, scratch 
p a d m e m o r y a n cl d a t a b u f f e r s , a n d s p a c e f o r u p t o s 1 x 4 K or 8 1< b y t e R O M s 
of which 32 K are used for complete terminal operation (8K of ROM 
o p t i o n a I w i t h i n t e g r a 1 p r i nter) . T h e v i d e o c o n t r o 1 s e c t i o n p r o y i d e s 
a 1 I. A i m i n g s i g n a 1 s f o r cl r i y i n q t h e s w e e p c: i r c u i t r y and v i d c-> o 1 o g i c: a s 
well as perforfiing direct MeMory access (DMA) of display data. A 
detailed description of the operation of each of these sections follows 
in sect i on 3 . . 

OPERATING PARAMETERS. 

A suMMary of operating parameters for the Processor Module is contained 
i n t a b 1 e s i . t h r o ugh 4.0 



T a b I e i . P h y s i c a I Par a Me t er s 



Part 
NuMber 



NoMenclat ure 



I Size (L x W x D) I Weight I 
I +/-0.1 Inches I (Pounds) I 



I 02620-60087 I Processor PGA 



12.3 x 10.9 x 



I 1.4 
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Table 2.0 Reliability and En vir onwental InforMation 



I En v i r o n Men t a 1 : HP C 1 a ss B 



I R es t r i c t i o n s ■■ T y p e tes t ed at p r o cl u c: t level 






F a :i. 1 ure Rate: 3.71 ( p ercen t per 1000 hours) 



Table 3.0 Power Supply Requirewents ~ Measured 
(At +/-S% Unless Otherwise Specified) 



I +16 Volt Supply 

I 

I tt? mA 

I 

I NOT APPLICABLE 



I i 

+12 Volt Supply I +5 Volt Supply 1 

I I 

t» 20 mA I S 2. A I 

I I 

I I 



12 Volt Supply 
8 50 mA 



IIS vol t s a c 
@ A 
NOV APPLICABU 



220 volts ac: 
8 A 
NOT APPLICABLE 
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Connector 
a n d P i n N o 

Ji 



Table 4.0 Connector Information 



S 1 g n a 1 
Nane 



Pin 


-1 


PRINTER 




-2 

~3 


PWR ON/FAIL 




WRITE 






...4 


aT 






-6 


data" 


"(f 




•7 


data" 


T 




-8 


data" 


~2 




-.9 


data" 


"3 




•10 


data" 


"4 




•11 
-12 
-13 


DATA 


"5 




data" 


"6 




DATA 


7 




-14 


GND 






•16 


PINT 






-17 


A0 






-18 


+sv 






-19 


+5V 






-20 


+5V 






-21 


+5V 






-22 


CND 






-23 


GND 






-24 


GND 






-25 


GND 






-26 


GND 





8 i g n a 1 
Description 



** PRINTER ** 

Negative True, Printer Strobe 
Negative True, Power On/Failing 
Negative True, Write signal 
Negative True, Function select bit 1 
LSB - Negative True, Data 



MSB - Negative True, Data 

Set printer contrast 

Negative True, Printer Interrupt 

Negative True, Function select bit 

Vcc Power 

Power Return 
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Table 4.0 Connector Information (Cont'd) 



Connector I 

a n d Pin No. I 



8 i g n a 1 
Ma we 



J 2 



J 3 



J 4 



Pin 



I +5V 





-3 1 
•-4 1 
-5 1 

-6 1 

i 


+5V 
+ 12V 
GNI) 
GNI) 




-7 1 
-8 1 
-9 1 
-10 I 


PWR ON/FAIL 
-12V 
BATTERY 
BATRET 


Pin 


1 

! 

-1 1 
.... ':> i 


HLFBRT 




c. 1 
-3 1 


RETURN 




-4 1 

-5 II 
-6 1 


FuIZbRT 

RETURN 

RETURN 




I 

••••7 1 

-8 1 


VERDR 
HGRDR 



Pin 



•••• 1 1 


KEYO 


-2 1 


KEY! 


-3 1 


KEY2 


-4 I 


KEY3 


-S 1 


KEY4 


-6 li 




-••7 1 


KEYS 


-8 1 


KEY6 


1; 

-•9 t 


KEY AC! 


- 1 1 


GNI) 


-•11 1 


BELL 


-12 1 


+5v 



Signal 
Description 

** POWER SUPPLY ** 

+5V Power 

N/C 

+SV Power 

•U2V Power 

Return for Power 

Return for Power 

Negative True, Power On/Failing 
•-12V Power 

Positive Battery Terminal 
Negative Battery Terminal 

** SWEEP ** 

Negative true, Half Bright Video 

N/C 

Return for half bright twisted pair 

Negative true, Full Bright Video 
Return for Video twisted pair 
Return for Drive signals 

Negative True, Vertical Drive 
Horizontal Drive 



** KEYBOARD ** 

Key Data (LSB) 

Key Data 

Key Data 

Key Data 

Key Data 

N/C 

Key Data 

Key Data (MSB) 

Key Active (Status of key selected) 
Power Return 
Bell Line 
+5v Power 
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Table 4.0 Connector Inf orcia lion (Cont'd) 



Connector 
a n d p i n N o 

J 5 

Pin -1 



Signal 
NaMe 



2 1 


+SV 


3 1 


+SV 


4 1 


GND 


•5 1 


GND 


6 I 


GND 


7 1 


OCDi 


8 1 




9 1 


RD 


10 I 




11 1 


CS 


12 1 


DM 


13 I 




14 1 




IS 1 


SG 


16 1 




17 1 




18 1 


OCR1 


19 1 


•♦•12V 


20 1 


-12V 


21 1 


SD 


22 1 


RS 


23 1 


TR 


24 1 




25 1 




26 1 




27 1 




28 1 




29 1 




30 1 




31 1 




32 1 


GND 


33 1 


SHIELD 


34 1 





Signal 
Description 



Send (5) 
Ready (6) 



#* DATA COMM ** 

N/C 

+5V Pod Power 

+5V Pod Power 

Power Return 

Power Return 

Power Return 

Rate Select (23) 

N/C 

Received Data (3) 

N/C 

Clear To 

Data Set 

N/C 

N/C 

Signal Ground (7) 

N/C 

N/C 

Ring Indicator (22) 

+12U Pod Power 

-12M Pod Power 

Transwitted Data (2) 

Request To Send (4) 

Ready (20) 

N/C 

N/C 

N/C 

N/C 

N/C 

N/C 

N/C 

N/C 

Return 

Shield Ground (1) 

N/C 



Notes: (n) denotes the RS-232 pin nuwber 
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3 . FUNCT I ON AL DESCR I P T ION 

Refer to block diagram (fig. 1), schematic diagrams (figs. 2,3), 
timing diagrams (figs. 4-8), component location diagram (fig. 9) and 
parts list (fig. 10) located in the appendix. The following describes 
the operation of the three Major sections of the Processor PCA> control 
and I/O, MeMory, and video control. 

3.1 CONTROL AND I/O SECTION 

3.1.1 Clock 

A 25.77115 MHz crystal is attached to the CRTC which oscillates at the 
video dot frequency. This is buffered by the CRTC and again by a 
74LS244 (USii) to become DRCX, buffered dot rate clock. This clock is 
then divided by seven by the 748163 (0611) to produce 3.6816 MHz, which 
is shaped by 0.4 and its associated circuitry to produce a symmetrical 
clock for the ZOO A, which has a zero level < 0.45V and a one level > 
4.4V. This clock is also divided by two to produce a 1.8408 MHz clock 
which the datacomm chip (0613) uses to produce baud rates. 

3.1.2 Z80A 

The Z.8 A microprocessor performs the major control and data manipula- 
tion functions of the processor PCA. It provides addresses and control 
signals to read and write data from and to both memory and I/O ports. 
It also responds to two externally generated interrupts, NNMI and NINT, 
which, when enabled, interrupt current execution and cause the 780 A to 
branch to its interrupt service routine. The Z80A also responds to a 
bus request signal, NBOSREQ, allowing the CRTC control of the system 
buses . 

At power up (or reset) the 7.80 A begins executing instructions from 
program memory beginning at address Q000H. A routine is executed which 
initializes variables and devices according to information contained in 
nan -vol at lie memory (CMOS) and performs a self test of ROM and RAM. If 
a n e r r o r :i. s d e t e c t e d a s e r i e s of bee p s are issued to the k e y b o a r d w h i c h 
indicate the failing ROM or RAM. After inint ializat ion the program 
enters a major loop responding to inputs from the keyboard and datacomm 
ports. 

Three 74LS244's (U47 ,057 ,0511 ) buffer the address and control lines 
from the Z80A. The 1 of 8 decoder, 076, is used to separate program 
memory into six blocks, each 8K bytes long. The addressed ROM is en- 
abled during a memory read by the TNRD and TNMREQ. signals or during an 
instruction fetch by the NMi signal. Since the time to read the data 
in an instruction fetch is less than that for a memory read, the NMi 
s i g n a I w a s u s e d to p r o v i d e a n e a r 1 y e n a b I e o f t h e R O M a 1 1 o w i n g i t t o 
r e s p o n d w i t h i n t h e r e q u i r e d t i me. ROM s with a c c e s s t i m e s o f 3 5 n s 
from address or 30 ns from enable are required to run the system at 
full speed. EPROMs or ROMs with 450 ns access times from address may 
be used by installing jumper W5 and removing jumper UI6, which causes 
the 7.80 A to wait one cycle longer during instruction fetches. The quad 
latch 1)610 and associated gating provides the required wait signal to 
the 7. 80 A. 
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3.1.3 I/O Ports 

CMOS 

The Z80A is capable of addressing 2S6 different input/output ports. 
1/8 addresses from the Z80A appear on address bits AQ-A7 and the 
accumulator contents appear on bits A8-A15. I/O addresses 0--7FH are 
used to access locations in the nonvolatile CMOS RAM, U73, where 
c o i i f i g u r a t i o n d a t a i s stor e d . 8 i n c e t h e CMOS RAM is no t f a s t e n o u g h t o 
respond within the I/O cycle time a wait state is generated (by U610) 
each time the CMOS RAM is accessed. Diodes CR6--CR8 ensure that around 
S volts is always on the CMOS supply pin. Emmitter follower circuit, 
Q3 , Makes sure that during a power off the CMOS is always disabled 
before the Z80A buses become undefined and remains so until buses 
become defined at power on. During power off the battery maintains 
CMOS contents. If power on configuration is to be fixed, the COMS RAM 
nay be replaced by an HM7611 PROM (however it must be realized that the 
standard read/complement/wr ite test for the CMOS self test would show a 
CMOS error since the prom cannot be written). 

DATACOMM 

The SY6V5B1 Asynchronous Communications Interface Adapter performs the 
parallel to serial conversion, error detection and baud rate generation 
functions required for serial data communication. It appears to the 
Z80A as four read only and four write only ports with address bit TA2 
selecting the read /write function. This is done to compensate for the 
unique timing of the 6S00 series devices. The SY6SS1 is selected by 
the rising edge of SELDC which is inverted from U24, the 1 of 8 
decoder. The addresses of the SY6551 (U613) are A0-A7H. 

The status inputs of the SY6SS1 produce undesirable results and 
therefore are forced to their active low states while the necessary 
status signals are routed through another port. RS-232 line driver, 
US14, and receiver, U6i4, are used to convert from TTL levels to RS-232 

levels (•♦-12V) and vice versa. Transmitted signals are-- send data 

(SD), terminal ready (TR), request to send (RS) and optional control 

driver 1 (OCD1). Received signals are- receive data (RD), data mode 

(DM), optional control receiver 1 (OCRi), and clear to send (CS) . 

The datacomm subsystem operates in an asynchronous, full -duplex , point- 
to-point environment. Characters may be transmitted and received 
simultaneously (full-duplex) with character flow occurring over random 
time intervals (asynchronous) . To achieve hardware synchronization 
each character is framed by a start bit and a stop bit (2 stop bits at 
111) baud). The addition of the framing bits for transmitted characters 
and the detection of framing bits for the received characters are done 
by the SY6SS1 . The parity (for error detection) of the character is 
selectable (in the datacomm configuration menu) and is also generated 
and detected by the SY65S1 which reports errors (parity, framing, and 
overrun) to the Z80A by means of a status register in the SY6S51 which 
is read when a character is received. The data transmission and 
reception rates are set by the Z80A in an internal register within the 
SY6551 . 
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Rates are selectable (in the datacoMM configuration Menu) froM 110 to 
960 baud. 

The datacoMM status inputs and outputs provide the necessary control 
lines to connect the terMinal to a host cowputer via a nod en, or to 
provide direct hardware handshaking between the terMinal and host. At 
power -on the TR and RS lines are activated to indicate that the 
terMinal is ready. Upon receipt of a ModeM disconnect escape sequence 
(esc f) the TR line is brought inactive for .about two seconds to 
disconnect the ModeM. The presence of a ModeM connection is detected 
by DM which causes the indicator "LED" (an asterisk '#') to be 
displayed on the bottoM center of the display. The CS signal froM the 
host when active allows the terMinal to transM'it data and goes inactive 
to halt transMission (the terMinal May ignore CS depending on datacoMM 
configuration). The state of OCDi is controlled by a configuration 
strap with its default state being low (inactive). This line selects 
the ModeM rate for dual speed ModeMS. OCR! is Monitored in datacoMM 
self test to detect the presence of the loopback test hood. All ModeM 
s t a t u s 1 i n e s a r e a c t i v e h i g h ( + 1 2 V ) . 

Upon receipt of a character froM datacoMM the 8Y65S1 generates an 
interrupt signal (N1NT) to the Z80A. This causes the Z.80A to branch to 
the datac omm interrupt service routine which reads the 8Y6SS1 status, 
clearing the interrupt , and if no errors are present , inputs the 
c h a r a c t e r a n d p 1 a c e s i t i n t o the d a t a c o m m b u f f e r i n RAM. Characters 
for which errors (parity, fraMing or overrun) are present cause a 
delete character to be placed in the buffer. 

TBUS PORTS 

The reMaining I/O ports are buffered to the Z80A data bus by the 
biderectionai bus driver, U37 . This was done because of data bus 
loading. The signal TNRD selects the direction of the driver which is 
enabled for all I/O accesses except CMOS RAM and datacoMM. 

U25 forMS the keystatus port located at address 80H. The keystatus 
port returns the status of 8 keys at a tiMe, which keys are deterMined 
by the keyboard/display port (U26) . Four bits of the key address 
(coluMn address) are supplied by U26 (located at address B8H) and three 
More froM the CRTC scan line outputs (row address) . As the row address 
(scan line count) from the CRTC change, keystates are clocked into the 
keystatus shift register (a high bit indicating key active) froM which 
they are later read. The coluMn address is increMented (during an NMD 
for each of the first sixteen display rows thereby scanning the entire 
r a n g e o f k e y b o a r d addresses. 
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The keyboard/display port also enables a counter (111 14) which counts 
horizontal sync pulses down to a bell frequency. The bell signal is 
then shaped by QA and its associated circuit. The remaining bits of 
the keyboard/ display port determine whether enhancements will be 
e n a b 1 e d a n d 1 a t c h e s t h e s i. g n a 1 w h i c h d e t e r m i n e s the blinkrate o f 
b J. i n k i n g c h a r a c t e r s . 

The NNM1 (n on -Maskable interrupt) signal to the Z80A is Masked 
externally by a D flip-flop (half of U612) . Port addresses 88H to 8FH 
select the NENNMI signal of the port decoder, clocking the latch while 
address bit TAO is the data input. This weans that a write to port 88H 
c 1 ea r s t h e 1 a t c h , d i sa b 1 i n g Nii I , wh i 1 e a write to port 89H sets the 
1 a t c h e n a b 1 i n g N M I . 

The system status port, U36, located at address 90H allows the Z80A to 
read the vertical blank signal (VBLANK) for synchronizing the software 
with the hardware. It also provides the inputs for the datacoMM status 
signals discussed above and also Monitors the integral printer status. 

The integral printer port at address 98H buffers data continuously to 
the printer bus, the data being latched in the printer when the 
NPRINTER signal is active. The processor writes data and coMMands to 
the printer via U16 and half of UiS. Printer control is specified by 
performing a write operation to the printer with address lines TAO and 
TA1 and data lines T1)0~TD7 selecting the particular function. Printer 
status is read back from the printer on the upper half of UiS which is 
enabled for read operations from the printer port. The presence of the 
printer is detected by reading status from the printer and checking 
data bit TD1 . Ti)l will be low if the printer is not connected due to 
the pullup resistor Ri. When the printer is connected to the processor 
Jl pin 11 is pulled low by the printer t her by indicating connection. 

Each character in the printer is formed by 30 bytes of dot data, each 
pair of bytes being made up of the dot data needed to form the 
character if the character ceil is scanned horizontally. The first 
byte in the pair indicates the state of every other dot while seven 
bits of the following byte indicate the state of the interstitial dots 
for the same horizontal scan. Thus fifteen pairs of. bytes correspond 
to fifteen horizontal scans of the character. In this way any 
character font in a IS by IS cell may be created. The printer buffers 
the data and translates the horizontal dot information into vertical 
dots for printing. Each 30 bytes of dot data are followed by a print 
command to print the character. The printer is also able to print in 
expanded and compressed modes. 

The remaining TBUS port located at A8H latches some signals to the 
video section and one for the datacomm section. The NMODEM signal is 
inverted to provide the clock for the latch (U3S) . 
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MEMORY SECTION 

The Z80A is capable of addressing 6S536 (64K) bytes of wewory data 
The Mertory Map for this processor is shown in the table below. 



TABLE % . TerMinal MeMory Map 



00 OH 



20 OH 



4 H 



6000H 



80 OH 



A0 0H 



COO OH 



NMI Service Routine 
Self test code 



F unction k e y s code 
Da tacoMM code 
Configuration code 

Video i n t r i n s i c s 



1 n t e r n a 1 print© r c o d e 



Not used 

(CRTC Map) 



Not used 

(CRTC Map) 



DynaMic RAM 

- buffers 

•• display weMory 

- s tack 

- s y s t e m y a r i a b 1 e s 

ZD0 : ZDi = ZD2 •• ZD3 

U41 : U42 -. U43 : U44 



U63 



U64 



U65 



U66 



U67 



U68 



ZD4 : ZDS : ZD6 •• ZD7 
USi : U52 : US3 : US4 



R e a d o n 1 y - m e m o r y 

As can be seen froM the weMory Map 
allocated for read ••- only -MeMory (ROM), 
p r o g r a ms wh i c h c o n t r o 1 s the t er m i n a 1 
d e c o d e d i n t o s i x 8 K b y t e b 1 o c k s b y the 
on address bit TA12 for each ROM allows 
byte ROMs (or EPROMs) . Note that 
a 1 1 o c a t e d f o r e a c h R O M d e u i c e even i f 
upper 4I< of that block is unusable). 



8K 



16K 



24K 



32K 



40K 



48K 



64K 



48 K of address space has been 
This Mewory contains the Z80A 
operation. The ROM space is 
74LS138 decoder U76 . A juMper 
the use of either 8I< byte or 4K 
8K bytes of address space is 
it i s o n I y a 4K b y t e ROM (the 
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During an instruction (opcode) fetch the Z80A activates the NM1 signal 
to indicate that an instruction fetch cycle is in process. This signal 
is used to provide an early enable of the ROM being addressed during an 
opcode fetch therby allowing the use of ROMs with an access tine on 3S0 
ns from address or 30 ns from enable (note that an opcode fetch is one 
clock cycle shorter than a Memory read operation) without wait states. 
During a memory read from ROM the TNMREQ and TNRD signals go active 
enabling the addressed ROM. Data is required valid appr oxima tely 470 
ns from address, therefore no wait states ar& required for memory reads 
even when using 450 ns EPROMs. Note that data is placed directly on 
the 7.80 A data bus without buffering. 

R a n d o m - a c c e s s - m e m o r y 

The RAM subsystem has been designed around the MK4116-2 (or equivalent) 
16K x 1 bit dynamic RAMs. The MK4116-2 has a Minimum access time of 
ISO ns and minimum cycle time of 320 ns. 041-44 and 0S1-54 supply data 
bits TD0-TD7 respectively to provide the 16K bytes of RAM data storage. 

The RAMs are accessed in three ways: by the Z80A for memory read or 
write accesses, by the 280 A during a refresh cycle and by the CRTC 
during a DMA (direct-memory-access) cycle. Each of the three is 
discussed below. Refer to figure 6.0 for RAM timing. 

Z80A READ/WRITE 

A Z80A access to RAM is initiated by lowering the TNMREQ signal at an 
address location between C0O0H and FFFFH (RAM address range) . Prior to 
TNMREQ going low the output of U77 would be high causing i's to be 
shifted through the shift register, OS10, by DRCX. As TNMREQ goes low 
(TNRFSH is high) the output of 077 goes low also. As the clock occurs, 
0's are shifted through the shift register causing outputs QA-QD to go 
low in turn. This produces the RAM timing sequence as follows: NRAS-- 
st robes in row address, MUX -changes RAM address inputs to column 
address, NCAS-str obes in column address and activates internal RAM 
circuitry to access the addressed cell. Data ouput on MD0-MD7 is vaild 
100 ns from NCAS . When the Z80A is finished accessing the RAM the 
TNMREQ signal goes high and i's are shifted through the shift register 
completing the RAM cycle. 

if the Z80A is performing a read operation the TNRD line is lowered 
along with TNMREQ (TNWR remains high). The TNRD signal is gated with 
the output of 077 to enable the transparent latch, 062, during the read 
operation. When the NMUX signal goes high (as MOX goes low) the 
transparent latch becomes transparent, that is, the outputs follow the 
inputs, placing the RAM outputs on the ZSOA data bus. The latch 
outputs are enabled until TNRD and TNMREQ go high again. 

For a write operation, the Z80A lowers TNMREQ and places the output 
data on the data bus. Approximately one Z80A clock later the TNWR line 
goes low strobing the data into the internal data latch in the RAM. 
The TNRD signal will be high disabling the transparent latch so RAM 
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outputs will never be on the Z80A data bus. The cycle proceeds as for 
a read operation with TNMREGJ going high, shifting l's through the shift 
register to complete the cycle. 

Z80A REFRESH 

The nature of dynaMic RAMs requires that each row Must be accessed 
&\>&r^ two Milliseconds to guarantee the contents of that row are held. 
The 7.80 A has a built-in refresh function to provide signals which 
perforM dynaMic RAM refresh without requiring extra processor overhead. 
The Z8QA Maintains a 7 bit MeMory refresh counter which is increMented 
following each instruction fetch. While the instruction is being 
decoded and executed the refresh counter is output on address bits TA0-- 
TA7 while the TNRFSH and TNMREQ signals are brought low, initiating the 
RAS-MUX-CAS sequence, refreshing that row. Since the TNRD and TNWR 
signals reMain high during the refresh cycle, the MeMory contents are 
unaltered and the transparent latch is not enabled so that the accessed 
byte does not appear on the bus. 

CRTC DMA 

Twice per video row, on scan lines 6 and 14 (if starting to count froM 
0), the NBUSREQ signal to the Z80A is activated to allow the CRTC to 
perforM DMA of enhancenent and character data (see section 3.3 for More 
inf orMation on the CRTC) . The Z80A responds to NBUSREQ at the end of 
the current Machine cycle by tristating its address and control lines 
and activating the NBUSAK line signalling that the bus is available and 
will reMain so until NBUSREQ is raised. The NBUSAK signal is inverted 
and buffered by U79 to provide both TBUSAK (active high) and TNBUSAK 
(active low, buffered). These signals are used to tristate the address 
and control buffers U47, U57 and USli and enable the video subsysteM 
for DMA action. TBUSAK enables the CRTC to place the lower 12 bits of 
the DMA address on the bus and enables the output of the transparent 
latch, U62, as well as enable the load signal to the shift register, 
US10. TNBUSAK enables the upper four bits of the DMA address froM U74 
onto the bus and takes the recirculating line buffer, U38, out of the 
recirculate Mode (see section 3.3 for More inforMation on DMA 
addressing ) . 

Appr oxiMately four character tiMes before the start of the video row 
the line rate clock (LRC) output of the CRTC goes high enabling the 
load signal to the shift register through the AND gate U710. The load 
s i g n a 1 i s d e r i v e d f r o m the char a c t e r r a t e c 1 o c k , I... C C A X , w h i c h i s 
delayed three dot tiMes through U410 in order to synchronize the RAM 
access to the video fining and guarantee sufficient address set up tiMe 
to the RAMs. The load signal causes RAS-CAS shift register , US10, to 
be parallel loaded on the next rising edge of DRCX (dot rate clock). 
Upon loading, the shift register output QD is high and QA is low. THis 
c o n d i t i o n f o r c e s t h e o u t p u t o f U7 7 t o g o 1 o w , c a u s i n g ' s to b e sh i f t e d 
through the shift register. The next three occur ances of DRCX produce 
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the NRAS-MUX-NCAS sequence, accessing the addressed byte. Data is 
available 100 ns fro« NCAS, and, since NMUX is high, is placed directly 
on the Z80A data bus (U62 is in transparent Mode), and therefore on the 
line buffer inputs. As the shift register output QD goes low the 
output of U77 is forced high and i's are shifted through the shift 
register completing the RAM cycle. As MUX goes high again, NMUX goes 
low causing the data out froro the RAM to be latched in the transparent 
latch, U62, where it is held until the next roeroory access. As LBCDEL 
(delayed line buffer clock) goes low the data is clocked into the line 
buffer U38. The CRTC increments the address and the next load signal 
occurs 9 dot tiroes from the first, repeating the DMA cycle. In this 
way 80 sequential bytes of data are fetched from the RAM and loaded 
into the line buffer during the 80 active video character tiroes of the 
display . 

Note: Although the shift register load signal is enabled four 
character tiroes before active video, the CRTC holds the starting 
address until active video and then increments it during active 
video. In addition, the data is not clocked into the line buffer 
until the line buffer clock transitions low during active video. 

On the last scan line of a character row, scan line 14, the* CRTC lowers 
the LBRE (line buffer recirculate enable) output, taking line buffers 
U28 and U39 out of the recirculate Mode (where the output is shifted 
back into the input) thereby allowing data to be clocked into the 
inputs. During the DMA cycle of scan line 14, as characters are being 
output froro line buffer U39 to the display, characters for the next row 
are fetched froM roeMory and loaded into line buffer U39 . At the saroe 
tiroe, as enhancement data is shifted out froro U28, the data which was 
previously stored in the teroporary line buffer U38 (during the DMA 
cycle of scan line 6) is shifted into 1128. In this way the display 
data for the next row of characters is loaded into the line buffers 
during the last scan line of the previous row as it is being displayed 
on the screen . 
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3.3 VIDEO CONTROL SECTION 
3 . 3 . 1 Overview 



The video control section generates the timing signals required to 
fetch character and enhancement data from Memory and drive the analog 
sweep circuitry to display that information on the CRT. 

The display is divided into 26 rows of 80 character cells each. Each 
character cell is a rectangle, IS dots vertical by nine dots 
horizontal. Any character to be displayed is produced by selectively 
lighting the dots of the character cell which shape that character, 
leaving the others blank. Dots are left blank on either side and on 
the top and bottom of the character cell to provide horizontal and 
vertical seperation between normal characters. This is not true of 
characters which are continuous across the character boundary, such as 
line drawing characters (used to display forms). 
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VERTICAL TIMING 

T h e 2 6 a c t i v e v i d e o rows o f t h e d i s p 1 ay e a c: h r e q u ire 1 S h o r i z o n t a I 
s c a n s f o r a t o V a I o f 3 9 a c: t i v e v i d e o s c: a n s . After the las t s can 1 i n e 
of the last row is displayed, a vertical blank signal is activated 
which disables the electron bean during the vertical retrace tine. The 
bean is enabled again on the first scan line of the first row. The 
duration of the vertical blank interval depends upon the occurance of 
the vertical sync signal which triggers the vertical retrace. This 
vertical sync lining depends in turn on the frequency with which the 
frane (one entire display) is refreshed. This frane rate nay be 
c o n f i g u r e d t o e i t h e r S o r 6 H z c o r r e s p o n d i ng to t h e A C 1 i n e 
frequencies in foreign countries or the U.S. to elininate display 
interference between the power supply and CRT. The following table 
describes the tining relationships between the vertical blank and 
vertical sync signals and the frane rate. 



FraMe 


Rate 


60 Hz 


1 SO Hz 
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1 38 
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19 
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1 64 
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2S 
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1 108 
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415 
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TABLE 6.0 Frane Tining 



i)e lay aft er v . b I a n k t o 
v. sync (# scan lines) 

v . s y n c w i d t h ( # s c a n 1 i n e s ) 

v. blank duration (# scan lines) 

Total # scan lines per frane 



3.3.2 Display nenory addressing 

Section 3.2.2 describes how the CRTC perforns DMA to load the line 
buffers with character and enhancenent data for display. Before it 
perforns DMA, the CRTC nust be loaded with a starting address (called 
the row-start address). Each tine the CRTC is enabled it fetches 80 
consecutive bytes of data starting fron the row start address and 
places it into one of the recirculating line buffers. 

The Z80A naintains a table of 24 row start addresses in nenory 
indicating the addresses of the first byte of character data for each 
of the character rows being displayed. Rows 2S and 26 contain the soft 
key labels and &re always accessed fron fixed locations. This table is 
actually a subset of a larger table which contains row-start addresses 
for all 48 display rows. The address of the first enhancenent byte of 
a row is the first character byte address offset by 80. 
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Two scan lines prior to the NBOSREQ. signal being activated a non- 
Maskable interrupt (NMI) is generated which causes the Z80A to branch 
to the NMI service routine after completing the current instruction. 
Part of this service routine writes the row-start address for the next 
DMA into the rowstart register of the CRTC. The row-start address is 
written into the CRTC via the address bus itself. At the sa«e time, 
bits TA13 and TA12 are written into the 74LS17S U7S , which provides the 
upper bits of the RAM address for DMA. The Z80A reads the row start 
address from the table, adds the 80 byte offset for enhancement data 
DMA, masks bits TA1S and TA14 to a 1 and respectively and then writes 
a 02H to this address. By Masking bits TA1S and TA14 the address 
corresponds to a ROM location, which of course can't be written. These 
bits are decoded by part of U27 and 032, along with TNMREQ. and TNWR to 
generate the register load signal (U412 pin 38) which latches the 
address into the CRTC and U7S for use during the next DMA cycle. The 
data bits ZDO and ZDi select the register to be written to, in this 
case, the row -start register. The NMI service routine keeps count of 
the next row to be displayed in order to determine which row start- 
address to send to the CRTC next. Since NMI can be disabled for an 
indefinate period (for example during a RAM test) it is resynchr on i zed 
e^ery frame by reading the VBLANK signal through the system status 
port. 

3 . 3 . 3 C h a r a c t e r d i s play 

At any given time the characters for the current row being displayed 
are held in the recirculating line buffer 039. The character codes 
output from this line buffer are resynchr onized to the character clock 
through the octal latch, U310, from which they are sent to the 
character RDM, 0311. This ROM contains the dot pattern for each scan 
line of each each possible character code. The standard character set 
uses the ASCII character code to represent the 128 possible characters 
in the set. The first 32 characters of the set are the control 
characters (escape, line feed, carriage return, etc.) while those 
remaining are the alphanumeric and punctuation characters. These 128 
characters are represented in bits X0-X6 with X7 being a 0. These bits 
along with the scan line count become addresses for the dot data from 
the character ROM. Therefore, 11 address bits are required, meaning 
that a 2K byte ROM may be used to contain the dot data for the standard 
character set. Bit X7 will then serve as an active low chip select. 

By using a 4I< byte character ROM, two complete character sets may be 
displayed. In this case bit X7 selects between the two character sets. 
Likewise an 8K byte ROM can store four complete, 128 character, 
character sets. The schematic shows a signal from the enhancement data 
I a t c h , U29 p i n 1 S , wh i c: h i s i n v er t ed by 02 12, a n cl sen t to 0311 p i n 2 1 . 
This signal is used to address the 8K byte character ROM on 4K 
boundaries. This combined with bit X7 from the character data latch 
a 1 1 o ws se 1 ec t i o n o f a n y of t h e f o u r c haracXer se t s . This uppermost 
address bit becomes a chip select for 2K or 4K character ROMs. 
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As the character code and scan line count is issued to the character 
ROM an access tiMe delay is encountered before the dot data is 
a v a i 1 a ta 1 e a t t h e o u t p u t s . T h e c h a r a c t er ROM h a s an access tiMe of 300 
n s , t her e f o r e o n e f u 1 1 c h a r a c: t er t i Me (349 n s ) d e 1 a y i s i n t r o d u c e d . 

As the dot data hecoMes available out of the character ROM the LVSRX 
( J. o a d v i cl e o s h i f t r e g i s t e r , b u f f e r e d ) s i g n a 1 i s brought low which, on 
t h e r i s i n g e d g e of I) R C X , p a r a 1 1 e 1 1 o a d s t h e d a t a frow the c h a r a c t e r R O M 
into the character shift registers 0312 and 0313 (and 0314 as explained 
later). Since only seven dots per scan line are required for standard 
characters , seven dots are loaded froM the character ROM (low output 
Means dot is lit) into the shift registers. The MSB (Most significant 
bit) output froM the character ROM is latched by U18 (on LOG AX clock) 
and is used to enable the ha If -shift function (described below) . The 
MSB output of 0312 is connected to the serial input of 03 13 essentially 
forMing an 8 bit shift register. At the sa«e tiMe that the seven dots 
a r e 1 o a d e d i n t o t h e s h i f t r e g i s t e r a 1 is 1 o a d e d into t h e M S B . 

The QD output of 0313 goes to the character Multiplexor, 0213. This 
Multiplexor selects one of several inputs to gate to the dot streaM. 
For a norMal scan (not half- shift) the Multiplexor select inputs will 
be 101 (C input is Most significant) selecting the D3 input. As the 
dots are loaded into the shift register the first dot (which is high) 
appears on the 1)5 input of the Multiplexor and is gated to the dot 
streaM. On each of the next 8 dot rate clocks (DRCX) dot data is 
shifted one bit position in the shift register and therefore to the D5 
Multiplexor input and to the dot streaM. Since the serial input of 
0312 is tied high, a 1 (blank dot) is shifted into the shift register 
as the clot data is shifted out. Therefore at the end of the 9 dot 
clocks coMprising the horizontal scan for a standard character, the 
first and last dots are blanked (l's) with the 7 dots froM the 
character ROM in between. 

HALF -SHIFT 

To avoid the "stairstep" appearance of characters with long diagonals, 
a feature known as "half-shift" is iMpleMented which allows and scan 
line of a character to be delayed by half a dot tiMe. This half- 
shifted scan line, placed between two norMal scan lines, fills in the 
diagonal as shown below. 
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anclard character set the MSB output of the character ROM 
that a scan line is to he half shifted . This output is 
by LCGAX) into U18 where it is held for the 9 dots of the 
tine. The output of U18 is fed to the character Multiplexor 
ut A which, for half --shifted scan lines, selects the D4 input 
IS). The QI) output of the dot shift register, U313, is sent 
f 1 1 p - f 1 o p , U 4 13, c 1 o c l< e d o n t h e f a 1 1 i n g edge o f D R C X , w h i c h 
he half- shift of the dot data. The output of this flip-flop 
e D4 input of the character Multiplexor. The half-shift 
is preset by LVSRX at the tiMe new dots are loaded into the 
sters . 



COPY BIT 



So Me alternate character sets such as line drawing set or large 
c h a r a c t e r s e t r e q u 1 r e a 1 1 n 1 n e d o t s a n a sea n 1 1 n e t o be a c: t 1 v e . T h 1 s 
allows for continuous dots across a character boundary as required for 
drawing forMs, etc. on the display. In order to get nine dots out of 
eight outputs froM the character ROM, a copy bit circuit is activated 
which copies the MSB output into the first two dots while the reMaining 
seven ROM outputs fom the reMaining seven dots. 

(he seven least significant ouputs froM the character ROM are loaded 
into shift registers U312 and U313 as for standard characters. The 
m o s t s 1 g n 1 f i c a n t o u t p u t i s 1 o a d e d 1 nto b o t h the A a n d B i n p u t s o f s h i f t 
r e g i s t e r U 3 1 4 a t t h e s a Me tine a s t h e leas t s i g n i f i c a n t s e v e n b i t s . 
Thus, the MSB is "copied" in shift register 0314. The reMaining dots 
a r e brou g h t f r o m t h e Q C output o f I J 3 1 3 1 n to the s e r i a 1 i n p u t s o f U 3 1 4 
thereby for Ming a nine bit shift register with 0312, 0313, and 03 14. 
The QB output froM U314 is then fed to the X>7 and 1)6 inputs of the 
character Multiplexor which ar<Li selected when the select inputs ar& 
11X. Note that the select A input is a don't care since ha if -shift 
c a n n o t b e u s e d i n t h e s e c h a r a c ter set s . 
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y b i t c i r c u i t i s a c t i v a t e d w h e n e v e r the X 7 o u t p u t o f o f t h e 
e r 1 a t c h U 3 1 i s act 1 v e . R e m e m b e r X h a t t h 1 s b i t 1 s a c: t i v a t e d t o 
the second character set in a 4K character ROM or the second and 
sets in an 8K character ROM. The first 32 character of any of 
r p o s 1 b 1 e c h a r a c t e r s e t s a r e r e s e r v e d f o r c o n t r o 1 c h a r a c t e r s a n d 
re copy bit is deactivated when these positions ar& accessed, 
ndition is decoded by bits XS or X6 being gated with X7 (034 and 
t o e n a b 1 e <:: o p y b i t o n 1 y for the u p p e r 96 c h a r a c t e r s o f t h e s e t . 
u 1 1 o f t h i s d e c o d i n g i s I a t c h e d i n t h e J K f 1 1 p - f 1 op, 0413, w h 1 c h 

f o r t he a c c e s s t i m e of the c h a r a c ter R O M . T h e f 1 i p F 1 o p i s 

by the c o m b i n a t i on of L. V S R X a n d D R C X w h i c h a r e g a t e d t o g e t h e r 
1 . T h e o u t p u t o f t h e copy b 1 1 e n a b 1 e 1 a t c: h i s t h e n u s e d t o 
t h e c o p y b i t s h i f t register output a n d g a t e i t to t h e d o t 
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CURSOR 

T I "i e g e n e r a t i o n o f t h e c u r s or f o r t h e d i s p 1 a y i s p e r f o r m e d b y a 
<:: o ft b :i. n a t i o n o f h ardu a r e a n cl s o f tware. T h e C R T C a c t i v a t e s i t s c u r s o r 
output when the address of the character being fetched during a DMA 
c: y c: 1 e Ma t c h e s V h e c: o n t e n t s o f i V s i n t e r n a 1 c u r s o r a cl d r e s s r e g i s t e r . 
T h i s o u t p u t :i. s a c t i v e f o r a 1 X s c a n 1 i n e s . T h e s o f t w a r e m a i n t a i n s a n d 
updates this register in the CRTC corresponding to the position of the 
c u r s o r o n t h e d i s p 1 a y . I n o r d e r t o m a l< e t h e c u r s o r b .1. i n l< t h e s o f t w a r e 
a J. t e r n a t e J. y w r i t e s a v a 1 i d c u ? • s o r a d d r e s s a n d t h e n a n i n v 1 a i cl o n e . 

The cursor signal , CUR, output froM the CRTC is gated with another 
s i g n a 1 , U L T I M E , t o p r o d u c: e < \ c u r s o r s i g n a 1 , N C U R , w hi c h i s a c: t i v e on 
t h e i 3 t h s c a n I i n e . U L T .1. M E :i. s cl e c: o d e d f r o m t h e s c: a n 1 i n e c o u n t by U 3 9 
a n d U 4 i 1 . T h i s s i g n a i a i s o e n a b J. e s t h e u n d e r I i n e e r^ h a r» c e « e n t cl u r , i n g 
t h ( ■:? i 3 l h s c a n 1 i n e . 

I n l h e n o r m a .1 s i t u a t i on, w h ere t h e c u r s o r doe s n o t lie i n a n u n d e r 1 i n e 
field, the NCUR signal is pr op o gated thru Ui9 to bee o Me NCURSGR which 
i s f e d t o t h e s e 1 e c t V. i n p u t a f t he c h a r a c t e r m u 1 1 i p 1 e x o r . T h i s i n p u t 
g o e s 1 o w t o a c: t i y a t & t h e c u r s > r w h i c h f o r n orwa 1 c h a r % a c t e r s (not c o p y 
b :i. t ) s e 1 e c t s t h e D o r D 1. i n | ) u t s w h i c h a ret i e d low. T h i s c a u s e s t h e 
cl o t s t r e a m t o b e a c t i y e f o r the i 3 s c a n 1 i r\ e o f t h e c h a r a c: X e r posit i o n 
in which the cursor lies. In effect this OR"s the cursor with the 
c h a r a c t e r i n t h e c: e 1 1 (a n o n •• d e s t r u c: t i y e cursor). I f t h e c o p y b i t 
c i r c u i t i s a c t i y e h o w e v e r , the D 2 o f D 3 i n p u t s o f t h e c h a r a c t e r 
Multiplexor arm selected. These inputs provide the inverted series of 
d o l s f r o m the c o p y bit s h i f t r e g i s t e r . I n e s s e n c e t h i s i n v e r t s t h e 
i3th scan line of the character when the cursor is active. This is 
necessary rather than the OR'd cursor used above due to the fact that 
s o m e o f t h e c h a r a c t e r^ s May h a j e a 1 1 cl o t s o f t h e i 3 1 h s c a n 1 i n e lit a n d 
t h e c u r s or wo u 1 d n e v e r b e s e e n . 

DOT STRETCH 

The dots are inverted by U2i3, the character Multiplexor, to provide an 
active high dot streaM output. This dot streaM is then passed through 
(j i a n d i t s a s s o c i a t e d c i r c u i try w h i c h p e r f o r m s a " d o t s t r e t c h " 
function. This dot stretch is used to provide an elongated active dot 
which has a More pleasant appearance when displayed. It essentially 
"fattens up" the dots coMposing a character. The switching tiMe of the 
transistor froM saturation to cutoff is dependent upon the parasitic 
collector to base capacitance and the external capacitor C2 . This 
capacitance liMits the switching speed, essentially stretching the 
a m o u.n t o f t i m e t h e t r a n s i s t o r i s a c t i v e (in s a t u r a t i o n ) . C a p a c i t o r C 3 
is included to coMpensate for parasitic base to eMitter capacitance. 
N o t e t h a t a n i n v e r s i o n i s i n t r o cl u c e d b y t h i s cl o t s t r e t c h c i r c: u i t . 



13220 

Pr o cess or 



Module 



1'322 0-9 1087/21 
Rev JAN- 04-82 



After being stretched , the dot streaM is gated through UiiO where it 
p i c k s u p t h e u n d e r I. i n e e n h a nc: e m ent a n d t h e n i s s e n t to t h e e n h a nccwe n t 
m u 1 1 i p 1 e x o r w h e r e t h e r e « a i ri i n g e n h a n c e m e nts a r e a d (J e d b e f o r e s e n d i n g 
t h e i n f o r m a t i o n t o t h e a n a .1. o g s weep c i r c u i t r y . 

3 .3.4 E n h a n c e m e n t I) i s p 1 a y 

A one-to-one correspondence exists between each byte of character data 
and each byte of enhancement data held in recirculating line buffers 
U39 and U28 respectively. As a byte of character data is sent to the 
c h a r a c t e r R M i t s c o r r e s p o n d i n g e n h a n c e m e n t b y t e i s s e n t t o t h e 
en h an cew ent section where it is decoded and rec oMbined with the dot 
s t r e a m i n t h e e n h a n c e m e n t m u 1 1 i p 1 e x o r , U 2 1 1 . 
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b i t s i n t h e e n h a n c e m e n t byte, o n 1 y s 
■•■• E N 3 , s e 1 e c t t h e b 1 i n !< , i n v e r s e , u n d e r 
ich May be selected in any coMbinatio 
m e n t b i t which, w h e n h i g h , c: a u s e s t h e 
d a n d h e 1 d u n t i 1 a n o t h e r e «t h a n c e m e n t i 
rent row. Bit ENS is the end -of -line b 

c: h a r a c t e r t o the e n 
e i \ d ■••• o f ■■•• 1 i n e i s s e t 
E N 6 a s d © s c r i b e d a b o 
b y t e c h a r a c t er R OM . 



froM the current 
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of each row. Bit 
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ed into U310, six of the seven enhancew 
hex 1 a t c h , U 2 9 . T h e s e t e n h a n c e m e n t 
e (by LCGAX) into U18. At this tine EN 

p r o v i d e t h e c h a r a c t e r R G M ad d r e s s s e 1 e c 
c t e r . "I h e a 1 1 r i b u t e bit s , E N • - E N 3 , out 
e 74LS163, U2.it). In this Mode, with t 
rounded, it acts as a latch with a syn 

1 a t c h p r o v i d e s t h e a d d i t i o n a 1 c h a r a c t 

t h e c h a r a c t e r R M a c c e s s t i m e . 1 f 
s se t , t h e o u t p u t , U 1 8 p i n 3 , w i 1 1 g o 1 o 
a c t i v a t e s t h e 1 o a d i n p u t o f U 210 c a u 

o n t h e n e x t c: h a v a c t e r c 1 o c k ( w h e n t h e c 
i n t o t h e s h i f t r e g i s t e r ) . 
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VIDEO ATTRIBUTES 



T h e b 1 :i n l< a 1 1 r i b u t e o u t p u t ( U 2 1 p i n 14) i s g a t e d with t h e b 1 i n k r a t e 
s i g n a I. f r o m t h e J. / O s e c t i on, w h ich a 1 1 e r n a t e & h i g h an d 1 o w top r o d u c e 
the active low NBLINK signal. When active the N BLINK signal allows 
only the cursor to be displayed, blanking the character. In this way, 
t (• i e b I i n l< :i. n g c h a r a c t e r s a r e a 1 1 e r n a t e 1 y d i s p 1 a y e d a n d b 1 an l< e d . T h e 
i n v e r s e b i t «i i m p I. y s e 1 e c t s t h e :i. n v e? r t e d d o t s t r e a m (A I... P l-l A ) o r c: u r s o r 
s i g in a 1 s . 
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T Ii e 1 a s t a 1 1 r i b u t e , h a 1 f b r i g h t > s e 1 e <: t s w h i c h o f t he y i cl e o i n puts on 
the analog sweep board will receive the dot inf or nation . When the 
l"i a 1 f b r i g h t a 1 1 r i b u l e i s a c t i y a t e d t h e d o t i n f o r m a t i o n i s i n h i b i t e d f r o m 
the NFULLBRT output (which gives full intensity characters) , U112 pin 
6 , b y p u 1 1 i i"i q U 1 1 2 p 1 n 4 low, a n d i s e n a b 1 e d through U 1 i p i n 8 w h i c h 
s e n d s t h e a c t i v e 1 o w d o t i n f o r m a t :i. o n o n N H A L F B R T t o t h e s w e e p . 

END -OF -LINE 
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£HS t perforMS the end-of~line function, 
h e d i s p 1 a y t o b e b 1 a n l< e d f r o m the c u r r e n t 
of the row. This eliMinates the need to 
nhanceMent data in order to clear the 

in U29 the end~of •-line signal is gated 
the clear input of U210 (pin i). This 
cleared at the next character clock (when 
ded into the shift registers) . At the 
d, the endof-line signal is latched into 
n 8) is sent back to the preset input to 
red state for the rest of the scan line, 
e NLRCX (inverted line rate clock) clears 
des preset). At the sa«e tine the Q" 
hrough Uiii to activate the BLANK signal, 
ay by deselecting the alpha input, only 
be gated to the sweep. The cursor signal 
r*/ to be able to position the cursor even 
utput, U17 pin 9, is gated to the clear 
Id the enhanceMent latch in the cleared 
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The horizontal blank signal causes the dot streaM to be disabled 
( b 1 a n l< e d ) a f t e r t h e 8 1 h c: hara c t e r of a row a n d h o 1 d s i t i n t h e b 1 a n l< e d 
state until the first character of the next row. This signal is 
obtained by latching the LBCX (line buffer clock) signal in U18 pin 12 
a n d a d d i n g a o n e c h a r a c t e r d e 1 a y i n U 18 pi n S . The LBCX s i g n a 1 i s 
a c t i v e h i g h a t t h e r i s i n g edge o f L CG AX d u r i n g the 80 act i ve video 
c h a r a c t e r s . H B I... A N l< i s t h e n g a t e d thro u g h U 2 7 t o a c t i v a t e BLANK and 

disable NGUR . VBLANK and DISPOFF also blank the display in a siwilar 
fashion . 

The last part of the video section to consider is the enhanceMent off 
circuit which allows the enhanceMent latches to be disabled. The Z80A 
sets the ENHOFF signal, output froM U26, which is latched by the REC1RC 
s i g n a 1 i n t o U 1 7 . T h e Q o u t p u t ( U 1 7 p i n % ) i s g a t e d t h r o u g h U 2 7 t o 
clear U210 while the «' output (U17 pin 6) clears U29 . The RECIRC 
signal goes low to take the line buffers out of the recirculate Mode as 
t h e y a r e 1 o a d e d d u r i n g s c a n 1 i n e 14. T h is « e a n s t h at the EN l-l O F F b i t i s 
always latched at the start of a new row. The software can then change 
E N l-l O F F d u r i n g a n N M 1 s e r v i c e r o u t i n e to disable e n h a n c e m e n t d i splay on 
t h e n e x t row. 
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4.0 GLOSSARY OF SIGNAL NAMES 

This section lists the signal nawes used on the schematic drawings , 
figures 1.0 and 2.0, along with a brief description of their use. 
Note: an 'N' prefix generally indicates an active low signal, 
otherwise the signal is act i ye high) a "V prefix or an 'X 7 suffix 
indicate that the signal is buffered. 



1. 


84 MHZ 




3. 


68 MHZ 
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HI 




AL 


PHA 




BATT + or 


BAT 


BELL 




BL 


ANK 




BL 


INK RATE 




CE 






CS 







GTS 

CUR 

DISBRQ 

DISPOFI 

DM 

ORCX 

DSR 



The 1.84 MHz dataconw chip clock 

The 3.68 MHz Z80A clock 

S e t s t h e y i d e o f r awe rate, 1 o w :::: S H z 

y i d e o do t s t r e a m a f t e r dot s tret c h 

c o n n e c t i o n t o t h e b a 1 1 e r y + ( o r ••■• ) t e r - 
Minal for CMOS backup during power off 

o u t p u t s i g n a 1 to d r i ye t h e l< e y b o a r d b & 1 1 

inhibits the ALPHA dot streaw froM being 
s e n t t o t h e s w e e p c i r c: u i t r y 

alternates at the blink rate for blinking 
c h a r a c t e r a 1 1 r i b u t e 

detects presence of loopback hood 

c 1 e a r •••• t o - s & n d f r o « host c: o m p u t e r 

T T L 1 e v e 1 c 1 e a r - 1 o - s e n d 

cursor output froM CRTC 

inhibit DMA 

blank e n t i r e d i s p 1 a y 

detect mo dew connection 

d o t rate c 1 o c k 

TTL level detect ModeM connection 
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EN0-EN7 

ENHOFF 

ENNMI 

HBLANK 

ICH 

INVERSE 

KEY0-KEY6 

LBCDEL 

LBCX 

LCGADEL 

LCGAX 

LVSRX 

MD0-MD7 

MUX 

NBLINK 

NBU8REQ 

NCAS 

NCMQSREQ 

NCUR 

NURBOR 

NENNMI 

NEGLDEL 

NFULLBRT 

NHALFBRT 



enhancement data bits from line buffer 

inhibit enhancements 

c lock f or NM I mas k 1 a t c h 

h o r i z o n t a 1 b 1 a n l< s i g n a 1 

TIL level detect datacomm test hood 

select inverse video attribute 

keyboard row/column scan outputs 

delayed line buffer clock 

line buffer clock 

delayed latch character generator address 

latch character generator address 

1 o a d v i d e o sh i f t r eg i s t er 

RAM data outputs 

selects between row and cloumn address 
for dynamic RAM 

se 1 ec t blink attribute 

request bus control for DMA 

column address strobe for RAM 

e nab 1 e C M S f o r r e a d / w r i t e 

o n e 1 i n e cursor signal 

c u r s o r a c t i v e without u n d er 1 i n e 

s e 1 e c t N M I 1 a t c h 

e n d - o f - 1 i n e s i g n a 1 

normal intensity video output 

h a 1 f - i n t e n s i t y video o u t p u t 
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NHSYNC 

NX NT 

NKEYACT 

NKEYDISP 

NKEY8TAT 

NLRCX 

NMi 

NMOOEM 

NMUX 

NNMI 

NPFAIL 

NPR INTER 

NRAS 

NRESETA 

NRESETB 

N8EL.DC 

NBYSSTAT 

OCDi 
OCR! 

PINT 

PULLUP 

RI> 

RECIRC 

RESET 

RS 

SI) 



horizont a 1 synchronization 

datacoMM interrupt 

key active (depressed) on keyboard 

s e 1 e c t ( c: 1. o c: k ) key b o a r d / d i s p 1 a y latch 

e n a b 1 e k e y s t a t u s port 

I. i n e r a t e c 1 o c k 

opcode fetch Machine cycle 

s e 1 e c t ( c I. o c: k ) m o d e m / d i s p 1 a y 1 a t c. h 

c 1 o c k RAM output 1 a t c h 

n o n - m a s k a b 1 e i n t e r r u p t ( v i d e o ) 

power fail signal froM power supply 

p r i n t e r s e 1 e c t s i g n a 1 

row address strobe for dynawic RAMs 

power -on reset, driver A 

power -on reset, driver B 

d a t a c o mm p o r t se 1 ec t 

systeM status port select 

optional control driver 1, datacoMM 

optional control receiver 1, datacoMM 

printer interrupt status 

co mm on pull up resistor 

receive data, datacoMM 

line buffer recirculate enable 

printer reset signal 

request to send, datacoMM 

send data, datacoMM 
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SELDC 

SO 

SHIELD 

SMEMO-SMEMS 

TA0-TA15 

TBUSAK 
TD0-TD7 

TNBUSAK 

TNMREQ 

TNRD 

TNRFSH 

VNWR 

TR 

ULINE 

ULTIME 

V BLANK 

VSYNC 

X0-X7 

ZD0-ZD7 



datacoMM chip select 

signal ground, datacowM 

shield (earth) ground, datacoww 

R DM -ROMS chip enable 

address bits 0-15 

bus acknowledge, Z.8QA tristate 
buffered data bus 

active low bus acknowledge 

Z80A weMory request 

MeMory or I/O read select 

dynaMic RAM refresh active 

Mew o r y or I/O wr i t e se 1 ec t 

terminal ready, datacoMM 

select underline attribute 

active on scan line 13, indicates scan 
line for underline or cursor display 
vertical blank signal 

vertical synchronization signal 

character code address to character ROM 

Z80A data bus 
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L_£sl c 

V 5 



NLKIX 



J4-<» O- 



/VKfTACT 



KEYBOARD 



J4-I2 O- 
J+-(0 <3- 
J4-4 O- 



ICEV3 




<4 Tt><t, 



t» Toy , 



!i_T££. 



7 TDS , 



Ife TP4 , 



IS TIK., 



S TP7> 



LStfl 



J4-S <3 Kg/f. 



J4--7 o-5£I=. 
J4-8 <—«^ 



<2/4C > - 
<ZZ±Z~> 




jrnho££ 



(2/IA > ^^ 



NCi-Q 



LS^ , l3 



U2fa 
D 



7 TTX6 . 



ZDg, 



Zt>fe 



n zd7. 



C4ii_2S±. 



iL2S£. 



/fc ZD<« > 



OTiL_ 



^TAZ_ 



^TAfa 



1TA8 



17 ZP7 / 



TM1 
>2- 



£ 



A2 
A3 
A4- 
AS" » 



^ TM> 



v^AA_ 



OTAII 






^ 



1 



II T-Vl; 



13 Z&3, 



14- Z^4■, 



IS zPS 



cs \icc 



A* 
W 


IXbB 


AZ. 




A3 




A4- 




A5 


b* 


f\fa 


&l 


A7 


t>Z 


Aft 


t>3 


A"? 


04 


A lo 


w 


All 


Dfe 



"^T 



WC4/ 



13 zD3, 



tip TSHoj 



MCnoSKECi 



U7<? LS04 



A'AV)D£W 



®* 



eo4> Tzoi few fzw [jd4 [ke5 (nx, |zd7 r 



T^weeQ 



-C Ik 

U37 



A V 



guTa)^ 



U71 



CTD4 17 Ulfc 



OD5 IS 



OPfe 13 



V TP7 I 



JA.I 



VTA It 



jLL 



TEifr^ 



TO3/ 



roy 



TP£/ 



TNRD 



L5Z4S 



l> 




J I - la ii zo it 



iB ivy 



V777wV7VvtfV7VA 

H2Z23Z+a-26 I Z 3 17 4 10 II IZ 13 6 7 S 9 16 



ZL 



UIS" 

t> 



<1 



3 Tt»fc 



S TDL 



- 2 Tpfe 



A_LE5 



g Toy 



W23 



SY65f; 




MCI489 



<^/)A,tA> 



i3l74 



r'O 



U23 



» U55" 



ty: 



IOXCH_y 



Ulb 



<\ 



JjIT 



e PiMr 



'3 DSR , 



6_tl5^ 



/? eg 



DSR II 



U&l' 



•a 



470 -. 
(4*) 



zitox 



¥ 



'J~C33-C3b> 



MCI488 



TA0-TAI5 ,. _ ^ REVS CONT. AT LSTT 

(RS2327CCITT) 
CS Jfo-ll (cB/lot) 

OCR/ Jfc-18 (CE/125) 

DM Jfe-lZ (CC/107) 

RD Jfe- 9 (BB/10 4 *) 



CRIO 



USI4 



O 



V 



• 1/iFi; .1 -J- 



470 



flTTTT I 5 ' 



DATAC0MM 

-o 0CD( Jb-7 (CH/lll) 

-» RS Jfo-22 (CA/105) 

-O TR Jfe-23 (CO/IOS.2) 

-i> SD Jfo-2! (BA/103) 



Hd C+I2.V 

-IZV 



<z7TO> 



HRESBTA 



<i/4D ) 
- (2/IA > 




Jb -4,5,6,15,32. 

(AB/102) 

SHIELD Jfc-33 (AA/I0I) 



A/ g £SETg , ^774^—) 



AZOTES: 



/. JUMPERS SHOWN IN STO CONFIG.. 
2. SPARES: 



- <2/IA ) 



U79 



UZI4 

^{y- inn) 

-!-[>>£ (LS0H) 



U78 SOT 

J.NNHX 

ZD<t>-Z07 



1^(508) L^. 



^D^ 



(So4) 



{Z./4A > 



<2/lA > 



2-|U74 ^ TTJUIIlV^- (S0O) 



3. UNLESS OTHERWISE SPEC'D': 

AU RESISTORS in OHM5, i^W, 5% 
ALL DIODES HP PA/- /90I - OO40 




-£ 



tizv<»- 



-IZV<|— 



2Z^F 
(3X) 



<IJ2-I 



rtczT" 



-C3J2-3 
-<3J2-4 
-S3J2-S 



-C3J2-6 
-<IJ2-7 
-=3J2-8 



fieOM 

P0W£)? 5JPPLY 



S04 UZ3 



So4 



TP 



J- cm 



+S(»o- 






.oi><F 



AIKESETA 



JigEMIA 



r (»/lA,IC,4B^ 
M2//D,4/< > 

♦ <I/ID,4B > 
K2/IA.4C > 



_J C42,C43jC4J, C47, C49, 051,053, «5C57,C£9, 
C6I ,C62,C63,Ct5, Cfc7, Of) I C10 I C1\ ,C73jC74, 
C76, C77, C79, C8I , C83, C84, C85, C87, C88, C89, 
C?l , C?2 , C94, C15, C77, C99, C/« ,0/03, 010^ 
C/07, CI09, C(// , C//3, CI/5, C//7, C\» ) CIZ\ , Olf, 
C/27, CI2^ .CI2I 



LS374 



F i g u r e 3 

RAM/Video Schenatic 

J AN- 04-82 



13220-91087 



Tl 



T2 



TH « 



CO 
CO 
U 
O 
O 

cc 

CE 

h- 

CE 
Q 

I- 



T3 



Tl 
CT3] 



Z8I CLK 
Tfli-Tfl7 
NIO 
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■272 NS- 
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I/O ADDRESS 



J 



-o 
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CO 

CO 
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O 
O 
CE 

CO 
O 

z: 
o 



NCttOSREO 
NMRIT 
TNRD 
ZDRTR IN 

INWC 

ZDRTfl OUT 



-o 



£ RUTOMflTICftLLY INSERTED HflIT STHTE 



FIGURE 4.0 Z80FI I/O TIMING 



Figure A 

I/O Tining Magraw 

JAN-04-82' 13220-91087 



INST 
FETCH 



Tl 



T2 



T3 



T4 
Cr© 



Z80 CLK 

TA0-TA15 

TNMREQ 

TNRD 

NM1 

SMEM0-SMEM5 

ROM DflTR 

NMRIT 



272 NS- 

XI 



INSTRUCTION RDDR 



X 



REFRESH RDDR 



mnmjm^m 



i IF STRAPPED 



Tl 
CT2> 



X 



MEMORY 
RERD 



TR0-TR15 
TNMREQ 
TNRD 
SMEM0-SMEM5 

ROM DflTR 



X 



DflTR ADDRESS 



<K 



VALID DATA 



X 



> 



FIGURE 5.0 Z80fl ROM TIMING 



F i g u r e S 

ROM Tiwing Diagran 

JAN-04-82 13220-91087 



VlPfcO -Z 



VI DEO 



\J J 
UJ 
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<c 

>- 
oc 
o 

r 

LU 



LU 
Q 



5 



< 
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O 
00 



T>£CX 



LBCDEL 



LC6ADEL 
(U4-IO. 10) 



IK 
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MUX 
(CiS/0. IS") 
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( U7M.8) 



A0- A6 
(U47. U57) 



ZD0- ZD7 



280A CLK 
(U7ll.ll') 



TNMREQ 
(USU.I*) 



(U77.8) 
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(USi.8) 



MUX 
(U5/O.I3) 
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(U7//.8) 



ZD0-ZD7 0?£AD) 



TNWR 
(uSIf. Ifc) 



ZD0-Z.D7 (WRITE) 
(Z80A, LH-8) 



CHrtR. 3 




FIGURE 6.0 RAM TIMING 



RAM TiMing DiacjraM 

J AN- 04-82 13220-91087 



T3RTLX 



LCGM 
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Z 3 4 5 
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£8£X 



NLRC* 
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NBLINK 
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NULIN£ 
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VBLANK 
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ViVEO (4-X MA&N/FiCATlo/v) 



FIGURE 7.0 VIDEO LINE RATE 
TIMING 



BLAN^(/V£, 



F i g u r e 7 

Video Line Rate fiwing DiagraM 

J A N - 4 - 8 2 i 3 2 2 •••• ? i 8 7 



D«CX 



i23 + 5"fc789 I 234? 



LVSRX 



38.8ns 



LCGAX 
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LBCXDEL 



LB our 



XO- X7 



CH KotA OUT 



CH MUX t>S-b7 



-T-T- — r 



Ll L 



1 J_. 



CH MUX t>4- 



CH H\U* $£L A (H5) 



CH MUX S£C B (LKSET) 



/V6URS0R 



CH mux our (TjoKmal) 
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CH MUX OUT (LDSET) 
CH MUX OUT (/VCURSOR) 



t 



HS ACT WE 
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FIGURE 8.0 VIDEO CHARACTER TIMING 



F i g u r e 8 

Character lining Diagram 

JAN -04-82 13220-91087 




DETAIL A 



t P 




DETAIL A NO SCALE 



NOTES: 

1. UNLESS OTHERWISE SPECIFIED: 
ALL RESISTANCE IN OHMS, 
ALL RESISTORS 1/8W ,1% V 4 W, 5% 
ALL CAPACITANCE IN MICROFARADS, 
ALL IC S PART NUMBERS PREFIXED 
BY 1820- 

ALL TRANSISTORS HP PN I854-0467 
ALL DIODES HP PN I90I - 0040 

fMASK BEFORE LOADING. 
MARK DATE CODE (OPER 33) 
INSTALL IN POST SOLDER LOADING 
FROM CIRCUIT SIDE (4 PLACES) . 
PRESS ITEM 2 INTO PC. BOARD FIRST, 
THEN INSTALL ITEM 3 INTO ITEM 2, 
SEE DETAIL A'. 

5. DO NOT LOAD ITEMS DENOTED 
BY ASTERISK * . 

C6, C39- 4I,C46,C48,C50,C52,C54,C56,C58, 
C60,C64,C66,C68,C72,C78,C80,C82,C86, 
C90, C93,C96,C98, CI00,CIO2,CI04,CI06, 
CI08, CMO, CII2,CII4,CII6,CII8,CI20,CI22-I24, 
CI26.CI28. CI30,CI32,W3,W5,W7,W9,WII,WI3, 
WI5, WI7.UI3.UI4. 

6. LOAD IN PRETEST; 

U28, U38, U39, U48.U73, U4I2, U6I2 
&7 CUT U49.5 (COMPONENT SIDE) 

JUMPER U49.5T0U69.I3 
&8. VERIFY W6 WAS LOADED. 



DWGS: 

SCHEMATIC: D -0Zl e Z0-lo0081-S\-SZ 
BOARD BLANK: D- 5955-1751- I 
DRILL DWG:D-OZkZO-800B7-4 



F i qur& 9 

Component Location Diagram 

JAN- 4- -82 i 322 -9 i 87 



Replaceable Parts 



Reference 
Designation 


HP Part 
Number 


c 

D 


Qty 


Description 


Mfr 
Code 


Mfr Part N 


umber 




02620-60 087 


9 


i 


PROCESSOR PCA 


- 2622A 


28480 


02620-60 087 




C2 


0160-4787 


8 


2 


CAPACITOR-FXD 


22PF +-5X 100VDC CER 0+-30 


28480 


0160-4787 




C3 


0160-4801 


7 


2 


CAPACITOR-FXD 


100PF +-5Z 100VDC CER 


28480 


0160-4801 




C4 


0180-1701 


2 


1 


CAPACITOR-FXD 


6.8UF+-20Z 6VDC TA 


56289 


150O685X0006A2 




C5 


0160-3335 





10 


CAPACITOR-FXD 


470PF +-10% 100VDC CER 


2848 


0160-3335 




C7 


0180-2879 


7 


3 


CAPACITOR-FXD 


22UF+50-10% 25VDC AL 


28480 


0180-2879 




C8 


0160-4557 





21 


CAPACITOR-FXD 


. 1UF +-20% 50VDC CER 


16299 


CAC04X7R104M050A 




C? 


0160-4557 







CAPACITOR-FXD 


.1L1F +-20% 50VDC CER 


16299 


CAC04X7R104M050A 




CIO 


0160-4557 







CAPACITOR-FXD 


.1UF +~20% 50VDC CER 


16299 


CAC04X7R104M050A 




CU 


0160-4557 







CAPACITOR-FXD 


,1UF +-20* 50VDC CER 


16299 


CAC04X7R104M050A 




C12 


01611-4557 







CAPACITOR-FXD 


. 1IJF +-20% 50VDC CER 


16299 


CAC04X7R104M050A 




CI 3 


0160-4557 







CAPACITOR-FXD 


.UIF +-20% 50YDC CER 


16299 


CAC04X7R104M050A 




C14 


0160-4557 







CAPACITOR-FXD 


.1I.JF +-20% 50VDC CER 


16299 


CAC04X7R104M050A 




CI 5 


0160-4557 







CAPACITOR-FXD 


.1UF +-20% 50VDC CER 


1 6299 


CAC04X7R104M050A 




C16 


0160-4557 







CAPACITOR-FXD 


. 1UF +-20% 50VDC CER 


16299 


CAC04X7R104M05 0A 




CI 7 


0160-4557 







CAPACITOR-FXD 


.1UF +-20% 50VDC CER 


162.99 


CAC04X7R104M050A 




C18 


0160-4557 







CAPACITOR-FXD 


. 1IJF +-20% 50VDC CER 


1 6299 


CAC04X7R1 041105 A 




CI 9 


0160-4557 







CAPACITOR-FXD 


,1UF +-20% 50YDC CER 


16299 


CAC0 4X7R1O4M05 0A 




C20 


0160-4557 







CAPACITOR-FXD 


,U)F +-20% 50VDC CER 


16299 


CAC04X7R104M050A 




C21 


0160-4557 







CAPACITOR-FXD 


.UIF +-20% 50VDC CER 


16299 


CAC04X7R1O4M050A 




C22 


0160-4557 







CAPACITOR-FXD 


. 1UF +-20% 50VDC CER 


1 6299 


CAC04X7R104M050A 




C23 


0160-4557 







CAPACITOR-FXD 


.1UF +-20% 50YDC CER 


1 6299 


CAC04X7R104M050A 




C24 


0160-4787 


8 




CAPACITOR-FXD 


22PF +-5% 10 0VDC CER 0+-30 


28480 


0160-4787 




c;;>5 


0180-2879 


7 




CAPACITOR-FXD 


22UF+50-10% 25VDC AL 


28480 


0180-2879 




C26 


0180-2879 


7 




CAPACITOR-FXD 


22UF+50-10% 25YDC AL 


28480 


0180-2879 




C27 


0160-4557 







CAPACITOR-FXD 


•1UF +-20% 50VDC CER 


16299 


CAC04X7R104M050A 




C28 


0160-4557 







CAPACITOR-FXD 


.1UF +-20% 50VDC CER 


16299 


CAC04X7R104M050A 




C29 


0160-3335 







CAPACITOR-FXD 


470PF +-10% 100VDC CER 


2.8480 


0160-3335 




C30 


0160-3335 







CAPACITOR-FXD 


470PF +-10% 10 0VDC CER 


28480 


0160-3335 




C31 


0160-3335 







CAPACITOR-FXD 


470PF +~10% 100VDC CER 


28480 


0160-3335 




C32 


0160-3335 







CAPACITOR-FXD 


470PF +-10% 100VDC CER 


28480 


0160-3335 




C33 


0160-3335 







CAPACITOR-FXD 


470PF +-10% 100VDC CER 


28480 


0160-3335 




C34 


0160-3335 







CAPACITOR-FXD 


470PF +-10% 100VDC CER 


28480 


0160-3335 




C35 


0160-3335 







CAPACITOR-FXD 


470PF +-10% 100VDC CER 


28480 


0160-3335 




C36 


0160-3335 







CAPACITOR-FXD 


470PF +-10% 10 0VDC CER 


28480 


0160-3335 




C37 


0160-4801 


7 




CAPACITOR-FXD 


10 0PF +-5% 10 0VDC CER 


28480 


0160-4801 




C38 


0160-3335 







CAPACITOR-FXD 


470PF +-10% 100VDC CER 


28480 


0160-3335 




C42 


0160-4554 


7 


52 


CAPACITOR-FXD 


.01UF +-20% 50VDC CER 


28480 


0160-4554 




C43 


0160-4554 


7 




CAPACITOR-FXD 


. 01UF +-20% 50VDC CER 


28480 


0160-4554 




C44 


0160-4557 







CAPACITOR-FXD 


.1UF +-20% 50VDC CER 


1 6299 


CAC04X7R104M050A 




C45 


0160-4554 


7 




CAPACITOR-FXD 


, OIUF +-20% 50VDC CER 


28480 


0160-4554 




C47 


0160-4554 


7 




CAPACITOR-FXD 


.01UF +-20% 50VDC CER 


28480 


0160-4554 




C49 


0160-4554 


7 




CAPACITOR-FXD 


.01IJF +-20% 50VDC CER 


28480 


0160-4554 




C51 


0160-4554 


7 




CAPACITOR-FXD 


.01UF +-20% 50VDC CER 


28480 


0160-4554 




C53 


0160-4554 


7 




CAPACITOR-FXD 


, 01UF +-20% 50VDC CER 


28480 


0160-4554 




CSS 


0160-4554 


7 




CAPACITOR-FXD 


.01UF +-20% 50UDC CER 


2.8480 


0160-4554 




C57 


0160-4554 


7 




CAPACITOR-FXD 


. 01 UF +-20% 50VDC CER 


2848 


0160-4554 




C59 


0160-4554 


7 




CAPACITOR-FXD 


, OIUF +-20% 50VDC CER 


28480 


0160-4554 




C61 


0160-4554 


7 




CAPACITOR-FXD 


.01UF +-20% 50VDC CER 


28480 


0160-4554 




C62 


0160-4554 


7 




CAPACITOR-FXD 


.OIUF +-20% 50YDC CER 


28480 


0160-4554 




C63 


0160-4554 


7 




CAPACITOR-FXD 


. OIUF +-20% 50VDC CER 


28480 


0160-4554 




C65 


0160-4554 


7 




CAPACITOR-FXD 


.OIUF +-20% 50VDC CER 


28480 


0160-4554 




C67 


0160-4554 


7 




CAPACITOR-FXD 


.OIUF +-20% 50VDC CER 


28480 


0160-4554 




C69 


0160-4554 


7 




CAPACITOR-FXD 


.OIUF +-20% 50VDC CER 


28480 


0160-4554 




C70 


0160-4554 


7 




CAPACITOR-FXD 


. OIUF +-20% 50VDC CER 


2848 


0160-4554 




C71 


0160-4554 


7 




CAPACITOR-FXD 


.OIUF +-20% 50VDC CER 


28480 


0160-4554 




C73 


0160-4554 


7 




CAPACITOR-FXD 


.OIUF +-20% 50VDC CER 


28480 


0160-4554 




C74 


0160-4554 


7 




CAPACITOR-FXD 


.OIUF +-20% 50VDC CER 


28480 


0160-4554 




C75 


0160-4554 


7 




CAPACITOR-FXD 


. OIUF +-20% 50VDC CER 


28480 


0160-4554 




C76 


0160-4554 


7 




CAPACITOR-FXD 


.OIUF +-20% 50VDC CER 


28480 


0160-4554 




C77 


0160-4554 


7 




CAPACITOR-FXD 


. OIUF +-20% 50VDC CER 


28480 


0160-4554 




C79 


0160-4554 


7 




CAPACITOR-FXD 


.OIUF +-20% 50VDC CER 


2.8480 


0160-4554 




C81 


0160-4554 


7 




CAPACITOR-FXD 


. OIUF +-20% 50VDC CER 


28480 


0160-4554 




CB3 


0160-4554 


7 




CAPACITOR-FXD 


.OIUF +-20% 50VDC CER 


28480 


0160-4554 




CB4 


0160-4554 


7 




CAPACITOR-FXD 


. OIUF +-20% 50VDC CER 


28480 


0160-4554 




C85 


0160-4554 


7 




CAPACITOR-FXD 


.OIUF +-20% 50VDC CER 


28480 


0160-4554 




C87 


0160-4554 


7 




CAPACITOR-FXD 


.OIUF +-20% 50VDC CER 


28480 


0160-4554 




C88 


0160-4554 


7 




CAPACITOR-FXD 


.OIUF +-20% 50VDC CER 


28480 


0160-4554 




C89 


0160-4554 


7 




CAPACITOR-FXD 


.OIUF +-20% 50VDC CER 


28480 


0160-4554 




CV1 


0160-4554 


7 




CAPACITOR-FXD 


.OIUF +-20% 50YDC CER 


28480 


0160-4554 




C92 


0160-4554 


7 




CAPACITOR-FXD 


. OIUF +-20% 50VDC CER 


28480 


0160-4554 





Replaceable Parts 



Reference 
Designation 


HP Part 
Number 


c 

D 


Qty 


Description 


Mfr 
Code 


Mfr Part Number 


C94 


0160-4554 


7 




CAPACITOR-FXD . )1UF +-20* 50VDC CER 


28480 


0160-4554 


C95 


160-4554 


7 




CAPACITOR-FXD . D1UF +-20% 50VDC CER 


28480 


0160-4554 


C97 


0160-4554 


7 




CAPACITOR-FXD . 11UF +-20% 50VDC CER 


28480 


0160-4554 


C99 


1 60-4554 


7 




CAPACITOR-FXD .H1UF +-20X 50VDC CER 


28480 


0160-4554 


C101 


0160-4554 


7 




CAPACITOR-FXD . )1UF +-20% 50VDC CER 


28480 


0160-4554 


CI 03 


0160-4554 


7 




CAPACITOR-FXD . 01UF +-20Z 50VDC CER 


28480 


0160-4554 


C105 


0160-4554 


7 




CAPACITOR-FXD , 01UF +-20% 50VDC CER 


28480 


0160-4554 


CI 07 


160-4554 


7 




CAPACITOR-FXD . 01UF +-20% 50VDC CER 


28480 


0160-4554 


CI 09 


0160-4554 


7 




CAPACITOR-FXD . )1UF +-20X 50VDC CER 


28480 


0160-4554 


CI tl 


160-4554 


7 




CAPACITOR-FXD . D1UF +-20% 50VDC CER 


28480 


0160-4554 


C113 


0160-4554 


7 




CAPACITOR-FXD . DUJF +-20% 50VDC CER 


28480 


0160-4554 


CI 15 


160-4554 


7 




CAPACITOR-FXD .H1UF +-20% 50VDC CER 


28480 


0160-4554 


CI 19 


0160-4554 


7 




CAPACITOR-FXD . i)HJF +-20% 50VDC CER 


28480 


0160-4554 


CI 21 


160-4554 


7 




CAPACITOR-FXD .01UF +-20% 50VDC CER 


28480 


0160-4554 


CI 25 


0160-4554 


7 




CAPACITOR-FXD . D1UF +-20% 50VDC CER 


28480 


0160-4554 


C 1 27 


0160-4554 


7 




CAPACITOR-FXD . OlUF +-20% 50VDC CER 


28480 


0160-4554 


CI 29 


0160-4554 


7 




CAPACITOR-FXD , 01IJF +-20% 50VDC CER 


28480 


0160-4554 


CI 31 


0160-4554 


7 




CAPACITOR-FXD . 01UF +-20X 50VDC CER 


28480 


0160-4554 


C133 


0160-4557 







CAPACITOR-FXD . ! UF +-20% 50VDC CER 


16299 


CAC04X7R104M050A 


CI 34 


0160-4557 







CAPACITOR-FXD . UIF +-20% 50VDC CER 


16299 


CAC04X7R104M050A 


CI 76 


0160-4554 


7 




CAPACITOR-FXD , 01UF +-20% 50VDC CER 


28480 


016 0-4554 


CR1 


1902-0041 


4 


i 


DIODE-ZNR 5.11V 5% DO-35 PD=.4W 


28480 


1902-0041 


CR2 


1901-0040 


1 


7 


DIODE-SWITCHING 30V 50MA 2NS DO-35 


28480 


1901-0040 


CR3 


1901-0040 


1 




DIODE-SWITCHING 30V SOMA 2NS DO-35 


28480 


1901-0040 


CR4 


1901-0040 


1 




DIODE-SWITCHING 30V 50hA 2NS DO-35 


28480 


1901-0040 


CR5 


1901-0040 


1 




DIODE-SWITCHING 30V SOMA 2NS DO-35 


28480 


1901-0040 


CR6 


1901-0040 


1 




DIODE-BWITCHING 30V SOMA 2NS DO-35 


2848 


1901-0040 


CR7 


1901-0050 


3 


1 


DIODE-SWITCHING 80V 200MA 2NS DO-35 


28480 


1901-0050 


CR8 


1901-0040 


1 




DIODE-BWITCHING 30V SOMA 2NS DO-35 


28480 


1901-0040 


CR9 


1901-0040 


1 




DIODE-SWITCHING 30V 50MA 2NS DO-35 


28480 


1901-0040 


CR 1 


1902-0976 


4 


3 


DIODE-ZNR 14.5V PD=5W TC=+.088% IR=5UA 


11961 


1 .5SE18C 


CR11 


1902-0976 


4 




DIODE-ZNR 14.5V PD=5W TC=+ , 088% IR=5UA 


11961 


1 .5SE18C 


CR12 


1902-0976 


4 




DIODE-ZNR 14.5V PD=5W TC=+.088% IR=5UA 


11961 


1 .5SE18C 


Jl 


1251-5500 


9 


1 


CONNECTOR 26-PIN M POST TYPE 


28480 


1251-550 


J2 


1251-5521 


4 


1 


CONNECTOR 9-PIN M POST TYPE 


28480 


1251-5521 


J 3 


1 251 -5520 


3 


1 


CONNECTOR 7-PIN M POST TYPE 


28480 


1251-5520 


J4 


1251-5499 


5 


1 


CONNECTOR 16-PIN M POST TYPE 


28480 


1251-5499 


J 6 


1251-5546 


3 


1 


CONNECTOR 34-PIN M POST TYPE 


28480 


1251-5546 


Ql 


1854-0019 


3 


1 


TRANSISTOR NPN SI TO-18 PD=360MU 


28480 


1854-0019 


Q2 


1B54-0467 


5 


2 


TRANSISTOR NPN ;>N4401 SI TO-92 PD=310MW 


03508 


2N4401 


Q3 


1854-0467 


5 




TRANSISTOR NPN :>N4401 SI TO-92 PD=31 OMW 


3508 


2N4401 


«4 


1853-0 036 


2 


1 


TRANSISTOR PNP SI PD=310MW FT=250MHZ 


28480 


1853-0036 


Rl 


0683-1035 


1 


4 


RESISTOR 10K 5% . 25W FC TC=-4()0/+70 


01121 


CB1 035 


R2 


0683-1025 


9 


17 


RESISTOR IK 5% 25U FC TC=-400/+600 


01121 


CB1025 


R3 


0683-4715 





6 


RESISTOR 470 5% . 25W FC TC=~400/+600 


01121 


CB4715 


R4 


0683-4715 







RESISTOR 470 5% .25W FC TC=-400/+600 


01121 


CB4715 


R5 


0683-4705 


8 


11 


RESISTOR 47 5% 25W FC TC=-400/+500 


01121 


CB47 05 


R6 


0683-4715 







RESISTOR 470 5% . 25W FC TC=-400/+600 


01121 


CB4715 


R7 


0683-1025 


9 




RESISTOR IK 5% 25W FC TC=~400/+600 


01121 


CB10 25 


R8 


683-4715 







RESISTOR 470 5% , 25W FC TC=-400/+600 


01121 


CB4715 


R9 


0683-4715 







RESISTOR 470 5% . 25W FC TC=-40 0/+60 


01121 


CB4715 


RIO 


0683-1025 


9 




RESISTOR IK 5% 25W FC TC=-400/+600 


01121 


CB1025 


Rll 


0683-1025 


9 




RESISTOR IK 5% 25W FC TC=-400/+600 


01121 


CB1025 


R12 


0683-1025 


9 




RESISTOR IK 5% 25W FC TC=-400/+600 


01121 


CB1025 


R13 


0683-1025 


9 




RESISTOR IK 5% 25W FC TC=~400/+600 


01121 


CB10 25 


R14 


683-1025 


9 




RESISTOR IK 5% 25W FC TC=-400/+600 


01121 


CB1025 


R15 


0683-5615 


1 


1 


RESISTOR 560 5% . 25W FC TC=-40 0/+60 


01121 


CB5615 


R16 


0683-4705 


8 




RESISTOR 47 5% 25W FC TO-400/+500 


01121 


CB4705 


R17 


0683-4705 


8 




RESISTOR 47 5% 25W FC TC=-40O/+5O0 


01121 


CB47 05 


R18 


0683-4705 


8 




RESISTOR 47 5% 25W FC TC=-400/+500 


01.121 


CB4705 


R19 


0683-4705 


8 




RESISTOR 47 5% 25W FC TC=-40 0/+500 


01121 


CB47 05 


r;?.o 


683-4705 


8 




RESISTOR 47 5% 25W FC TC=-400/+500 


01121 


CB4705 


R21 


0683-4705 


8 




RESISTOR 47 5% 25W FC TC=-400/+500 


01121 


CB4705 


R22 


0683-4705 


8 




RESISTOR 47 5% 25W FC TC=-400/+500 


01121 


CB4705 


R23 


0683-4705 


8 




RESISTOR 47 5% 25W FC TC=-400/+500 


01121 


CB47 05 


r;;m 


0683-4705 


8 




RESISTOR 47 5% 25W FC TO-400/+500 


01121 


CB4705 


R25 


0683-4705 


8 




RESISTOR 47 5% 25W FC TC=-400/+500 


01121 


CB47 05 


R26 


0683-1025 


9 




RESISTOR IK 5% 25U FC TC=-400/+600 


01121 


CB1025 


R27 


0683-1025 


9 




RESISTOR IK 5% 25W FC TC=-400/+600 


01121 


CB10 25 


R28 


0683-1025 


9 




RESISTOR IK 5% 25W FC TC=-400/+600 


01121 


CB1025 


R29 


0683-1015 


7 


2 


RESISTOR 100 5% . 25W FC TC=-40 0/+500 


01121 


CB1015 


R30 


0683-1025 


9 




RESISTOR IK 5% 25W FC TC=-400/+600 


01121 


CB1025 


R31 


0683-1025 


9 




RESISTOR IK 5% 25W FC TC=~400/+600 


01121 


CB1025 


R32 


683-4725 


2 


1 


RESISTOR 4.7K 5;r. ,25W FC TC=-400/+700 


01121 


CB4725 


R33 


0683-1025 


9 




RESISTOR IK 5% 25W FC TC=~40 0/+600 


01121 


CB1025 


R34 


683-1025 


9 




RESISTOR IK 5% 25W FC TC=-400/+600 


01121 


CB1025 


R35 


0683-1025 


9 




RESISTOR IK 5% 25W FC TC=-400/+600 


01121 


CB10 25 



Replaceable Parts 



Reference 
Designation 


HP Part 
Number 


c 

D 


Qty 


Description 


Mfr 
Code 


Mfr Part Number 


R36 


0683-2205 


9 


i 


RESISTOR 22 5X . 25W FC TC=-400/+500 


01121 


CB2205 


R37 


0683-4715 







RESISTOR 470 5% . 25U FC TC=-400/+600 


01121 


CB4715 


R38 


0683-1515 


2 


2 


RESISTOR 150 5% . 25W FC TC=-400/+600 


01121 


CB1515 


R39 


0683-1515 


2 




RESISTOR 150 57. . 25U FC TC=-400/+600 


01121 


CB1515 


R40 


0683-1015 


7 




RESISTOR 100 5% . 25W FC TC=-400/+500 


01121 


CB1015 


R44 


0683-10 35 


1 




RESISTOR 10K 57. . 25U FC TC=-400/+700 


01121 


CB1035 


R45 


0683-1025 


9 




RESISTOR IK 5X . 25W FC TC=-400/+600 


01121 


CB1025 


R46 


0686-2215 


7 


1 


RESISTOR 220 5% . 5W CC TC=0+529 


01121 


EB2215 


R47 


0683-1025 


9 




RESISTOR IK 5% . 25W FC TC=~400/+600 


01121 


CB10 25 


R48 


0683-1035 


1 




RESISTOR 10K 5% . 25W FC TC=-400/+700 


01121 


CB1035 


R49 


0683-1035 


1 




RESISTOR 10K 5% . 25W FC TC=-400/+700 


01121 


CB1035 


in 5 


1820-1917 


1 


2 


IC BFR TTL LS LINE DRVR OCTL 


01295 


SN74LS240N 


U16 


1820-1917 


1 




I.C BFR TTL L.S LINE DRVR OCTL 


1 295 


SN74LS240N 


LI 1 7 


1820-1112 


8 


2 


IC FF TTL LS D-TYPE POS-EDGE-TRIG 


01295 


SN74LS74AN 


U18 


1820-1195 


7 


4 


IC FF TTL LS D-TYPE POS-EDGE-TRIG COM 


01295 


SN74LS175N 


LI 19 


1820-1449 


4 


1 


IC GATE TTL S OR QUAD 2-INP 


01295 


SN74S32N 


U23 


1820-0683 


6 


3 


IC INV TTL S HEX 1-INP 


01295 


SN74S04N 


1124 


1820-1216 


3 


2 


IC DCDR TTL LS 3-T0-8-LINE 3-INP 


01295 


SN74LS138N 


U25 


1820-1987 


5 


1 


IC SHF-RGTR TTL LS COM CLEAR STOR 8-BIT 


1 295 


SN74LS299N 


LI 2 6 


1820-1997 


7 


1 


IC FF TTL LS D-TYPE POS-EDGE-TRIG PRL-IN 


1 295 


SN74LS374N 


U27 


1820-1206 


1 


2 


IC GATE TTL LS NOR TPL 3-INP 


01295 


SN74LS27N 


U28 


1820-2416 


7 


3 


IC SHF-RGTR NMOS SERIAL-IN SERIAL-OUT 


27014 


MM5035P 


U29 


1820-1196 


8 


2 


IC FF TTL LS D-TYPE POS-EDGE-TRIG COM 


01295 


SN74LS174N 


1132 


1820-1367 


5 


1 


IC GATE TTL S AND QUAD 2-INP 


01295 


SN74S08N 


U33 


1820-1144 


6 


2 


IC GATE TTL LS NOR QUAD 2-INP 


1 295 


SN74LS02N 


U34 


1820-1208 


3 


1 


IC GATE TTL LS OR QUAD 2-INP 


01295 


SN74LS32N 


U35 


1820-1196 


8 




IC FF TTL LS D-TYPE POS-EDGE-TRIG COM 


01295 


SN74LS174N 


U36 


1820-2024 


3 


5 


IC DRVR TTL LS LINE DRVR OCTL 


01295 


SN74LS244N 


U37 


1820-2075 


4 


1 


IC MISC TTL LS 


01295 


SN74LS245N 


U38 


1820-2416 


7 




IC SHF-RGTR NMOS SERIAL-IN SERIAL-OUT 


27014 


MM5035P 


U39 


1820-2416 


7 




IC SHF-RGTR NMOS SERIAL-IN SERIAL-OUT 


27014 


MM5035P 


U41 


5081-2705 


3 


8 


16K RAM 


28480 


5081-2705 


U42 


5081-2705 


3 




16K RAM 


28480 


5081-2705 


U43 


5081-2705 


3 




16K RAM 


2848 


5081-2705 


U44 


5081-2705 


3 




16K RAM 


28480 


5081-2705 


LI 4 6 


1820-1438 


1 


2 


IC MUXR/DATA-SEL TTL LS 2-TO-l-LINE QUAD 


01295 


SN74LS257AN 


U47 


1820-2024 


3 




IC DRVR TTL LS LINE DRVR OCTL 


01295 


SN74LS244N 


LI48 


1820-2298 


3 


1 


IC-Z80A CPU 


28480 


1820-2298 


LI49 


1820-1197 


9 


2 


IC GATE TTL LS NAND QUAD 2-INP 


01295 


SN74LS0 0N 


U51 


5081-2705 


3 




16K RAM 


2848 


5081-2705 


U52 


5081-2705 


3 




16K RAM 


28480 


5081-2705 


U53 


50 81-2705 


3 




16K RAM 


2848 


5081-2705 


IJ54 


5081-2705 


3 




16K RAM 


28480 


5081-2705 


LI 5 6 


1820-1438 


1 




IC MUXR/DATA-SEL TTL LS 2-TO-l-LINE QUAD 


01295 


SN74I..S257AN 


U57 


1820-2024 


3 




IC DRVR TTL LS LINE DRVR OCTL 


01295 


SN74LS244N 


LI 5 9 


1820-1195 


7 




IC FF TTL LS D-TYPE POS-EDGE-TRIG COM 


01295 


SN74LS175N 


U62 


1820-2102 


8 


1 


IC LCH TTL LS D-TYPE OCTL 


01295 


SN74LS373N 


LI 6 9 


1820-1206 


1 




IC GATE TTL LS NOR TPL 3-INP 


01295 


SN74LS27N 


U74 


1820-2024 


3 




IC DRVR TTL LS LINE DRVR OCTL 


01295 


SN74LS244N 


LI 7 5 


1820-1195 


7 




IC FF TTL LS D-TYPE POS-EDGE-TRIG COM 


01295 


SN74LS175N 


U76 


1820-1216 


3 




IC DCDR TTL LS 3-T0-8-LINE 3-INP 


01295 


SN74LS138N 


U77 


1820-0691 


6 


1 


IC GATE TTL S ANfi-OR-INV 


01295 


SN74S64N 


U78 


1820-0683 


6 




IC INV TTL S HEX 1-INP 


01295 


BN74S04N 


LI79 


1820- 1199 


1 


1 


IC INV TTL LS HEX 1-INP 


01295 


SN74LS04N 


111 10 


1820-0685 


8 


1 


IC GATE TTL S NAND TPL 3-INP 


01295 


SN74S10N 


U111 


1820-0681 


4 


2 


IC GATE TTL S NAND QUAD 2-INP 


01295 


SN74S00N 


U112 


1820-1197 


9 




IC GATE TTL LS NAND QUAD 2-INP 


01295 


SN74LS0 0N 


Lll 14 


1820-1989 


7 


1 


IC CNTR TTL LS BIN DUAL 4-BIT 


07263 


74LS393PC 


1.1 2 Hi 


1820-1432 


5 


1 


IC CNTR TTL LS BIN SYNCHRO POS-EDGE-TRIG 


01295 


SN74LS163AN 


11211 


1820-1319 


7 


2 


IC MUXR/DATA-SEL TTL S 8-T0-1-LINE 8-INP 


01295 


SN74S151N 


1)212 


1820-0683 


6 




IC INV TTL S HEX 1-INP 


01295 


SN74S04N 


U213 


1820-1319 


7 




IC MUXR/DATA-SEL TTL S 8-T0-1-LINE 8-INP 


01295 


SN74S151N 


11214 


1820-0618 


7 


1 


IC BFR TTL NON-INV HEX 


01295 


BN7417N 


1)310 


1820-1730 


6 


1 


IC FF TTL LS D-TYPE POS-EDGE-TRIG COM 


01295 


SN74LS273N 


U312 


1820-1303 


9 


4 


IC SHF-RGTR TTL S R-S PRL-IN PRL-OUT 


01295 


SN74S195N 


LI313 


1820-1303 


9 




IC SHF-RGTR TTL S R-S PRL-IN PRL-OUT 


01295 


SN74S195N 


U314 


1820-1303 


9 




IC SHF-RGTR TTL S R-S PRL-IN PRL-OUT 


01295 


BN74S195N 


LI410 


1820-10 76 


3 


1 


IC FF TTL S D-TYPE POS-EDGE-TRIG CLEAR 


01295 


SN74S174N 


U411 


1820-1144 


6 




IC GATE TTL LS NOR QUAD 2-INP 


01295 


SN74LS02N 


U412 


1820-2373 


5 


1 


IC-NAT 8367 CRT C 


2848 


1820-2373 


U413 


1820-0629 





1 


IC FF TTL S J-K NEG-EDGE-TRIG 


01295 


SN74S112N 


U414 


1820-1416 


5 


1 


IC SCHMITT-TRIG TTL LS INV HEX 1-INP 


01295 


SN74LS14N 


1.1510 


1820-1303 


9 




IC SHF-RGTR TTL S R-S PRL-IN PRL-OUT 


01295 


SN74S195N 


U511 


1820-20 24 


3 




IC DRVR TTL LS LINE DRVR OCTL 


01295 


SN74LS244N 


U514 


1820-0509 


5 


1 


IC DRVR DTL LINE DRVR QUAD 


04713 


MC1488L 


LI610 


1820-1195 


7 




IC FF TTL LS D-TYPE POS-EDGE-TRIG COM 


01295 


SN74LS175N 



Replaceable Parts 



Reference 
Designation 



HP Part 
Number 



Qty 



Description 



Mfr 
Code 



Mfr Part Number 



IJ61 1 
UM2 
U613 
U614 
U710 

U711 

U4 

U6 

U8 

W10 

U12 

W14 
U16 
U18 

XU28 
XU38 
XU39 
XU41 
XU42 

XU43 
XU44 
XU48 
XU31 
XU52 

XU53 
XU54 
XU63 
XU64 
XU65 

XL) 66 
XU67 
XU68 
XU73 
XU31 1 

XU412 
XU514 
XIJ613 
XU614 

Yl 



1820-1453 
1820-1112 
1820-2577 
1820-0990 
1820-1201 

1820-0681 

8159-0005 
8159-0005 
8159-0005 
8159-0005 
8159-0005 

8159-0005 
8159-0005 
8159-0005 

1200-0639 
1200-0639 
1200-0639 
1200-0607 
1200-0607 

1200-0607 
1200-0607 
1200-0654 
1200-0607 
1200-0607 

1200-0607 
1200-0607 
1200-0541 
1200-0541 
1200-0541 

1200-0541 
1200-0541 
1200-0541 
1200-0612 
1200-0541 

1200-0654 
1200-0638 
1200-0567 
1200-0638 

0410-1224 

0,560-0124 
1200-0546 
1390-0104 
1390-0281 
1818-0695 



IC CNTR TTL S MN SYNCHRO POS-EDGE-TRIG 

IC FF TTL LS D TYPE POS-EDGE-TRIG 

IC-SYP 6551 AC1A 

IC RCVR DTL NAND LINE QUAD 

IC GATE TTL LS AND QUAD 2-INP 

IC GATE TTL S NAND QUAD 2-INP 



RESISTOR-ZERO OHMS 
RESISTOR-ZERO OHMS 
RESISTOR-ZERO OHMS 
RESISTOR-ZERO OHMS 
RESISTOR-ZERO OHMS 

RESISTOR-ZERO OHMS 
RESISTOR-ZERO OHMS 
RESISTOR-ZERO OHMS 



AUG LEAD DIA 
AUG LEAD DIA 
AUG LEAD DIA 
AUG LEAD DIA 
AUG LEAD DIA 

AUG LEAD DIA 
AUG LEAD DIA 
AUG LEAD DIA 



SOCKET-IC 20-CONT DIP DIP-SLDR 

SOCKET-IC 20-CONT DIP DIP-SLDR 

SOCKET-IC 20-CONT DIP DIP-SLDR 

SOCKET-IC 16-CONT DIP DIP-SLDR 

SOCKET-IC 16-CONT DIP DIP-SLDR 

SOCKET-IC 16-CONT DIP DIP-SLDR 
SOCKET-IC 16-CONT DIP DIP-SLDR 
SOCKET-IC 40-CONT DIP DIP-SLDR 
SOCKET-IC 16-CONT DIP DIP-SLDR 
SOCKET-IC 16-CONT DIP DIP-SLDR 

SOCKET-IC 16-CONT DIP DIP-SLDR 
SOCKET-IC 16-CONT DIP DIP-SLDR 
SOCKET-IC 24-CONT DTP DIP-SLDR 
SOCKET-IC 24-CONT DIP DIP-SLDR 
SOCKET-IC 24-CONT DIP DIP-SLDR 

SOCKET-IC 24-CONT DIP DIP-SLDR 

SOCKET-IC 24-CONT DIP DIP-SLDR 

SOCKET-IC 24-CONT DIP DIP-SLDR 

SOCKET-IC 22-CONT DIP DIP-SLDR 

SOCKET-IC 24-CONT DIP DIP-SLDR 

SOCKET-IC 40-CONT DIP DIP-SLDR 
SOCKET-IC 14-CONT DIP DIP-SLDR 
SOCKET-IC 2B-C0NT DIP DIP-SLDR 
SOCKET-IC 14-CONT DIP DIP-SLDR 

CRYSTAL-QUARTZ 25.7715 MHZ HC-25/U-HLDR 

CONNECTOR-SGL C ONT PIN . 04-IN-BSC-SZ RND 
SOCKET -XTAL 2-00NT HC-25/IJ DIP-SLDR 
FASTENER-SNAP-] N GROM PANEL THKNS 
FASTENER-SNAP- J N PLGR PANEL THKNS 
IC CMOS 1024 <1K) STAT RAM 450-NS 3~S 



01295 
01295 
28480 
01295 
01295 

01295 

28480 
28480 
2848 
28480 
28480 

28480 
28480 
28480 

2848 
28480 
28480 
28480 
28480 

28480 
28480 
28480 
28480 
28480 

28480 
28480 
28480 
28480 
28480 

28480 
28480 
28480 
28480 
2.8480 

28480 
28480 
28480 
28480 

2848 

28480 
28480 
28480 
28480 
04713 



SN74S163N 

SN74LS74AN 

1820-2577 

SN75189AJ 

SN74LS08N 

SN74S00N 

8159-0 05 
8159-0005 
8159-0005 
8159-0005 
8159-0 05 

8159-0005 
8159-0 05 
8159-0005 

1200-0639 
1200-0639 
120 0-0639 
1200-0607 
1200-0607 

1200-0607 
1200-0607 
1200-0654 
1200-0607 
1200-0607 

1200-0607 
1200-0607 
1200-0541 
1200-0541 
1200-0541 

1200-0541 
120 0-0541 
1200-0541 
1200-0612 
1200-0541 

120 0-0654 
1200-0638 
120 0-0567 
1200-0638 

0410-1224 

0360-0124 
120 0-0546 
1390-0104 
1390-0281 
MCM145101-1P 



MANUFACTURERS 



MFR 
NO. 



MANUFACTURER NAME 



S0S45 NIPPON ELECTRIC CO 

00000 ANY SATISFACTORY SUPPLIER 

1121 ALLEN-BRADLEY CO 

01295 TEXAS INSTR INC SEMICOND CMPNT DIV 

03508 GE CO SEMICONDUCTOR PROD DEPT 

04713 MOTOROLA SEMICONDUCTOR PRODUCTS 

07263 FAIRCHILD SEMICONDUCTOR DIV 

UV61 SEMICON INC 

16299 CORNING GLASS UKS COMPONENT Dig 

27014 NATIONAL SEMICONDUCTOR CORP 

2B480 HEWLETT-PACKARD CO CORPORATE HQ 

3L585 RCA CORP SOLID STATE DIV 

34371 HARRIS SEMICON DIV HARRIS-INTERTYPE 

56289 SPRAGUE ELECTRIC CO 



12/01/81 



ZIP 
CODE 



MILWAUKEE 


UI 


DALLAS 


TX 


AUBURN 


NY 


PHOENIX 


AZ 


MOUNTAIN VIEW 


CA 


BURLINGTON 


MA 


RALEIGH 


NC 


SANTA CLARA 


CA 


PALO ALTO 


CA 


SOMERVILLE 


NJ 


MELBOURNE. 


F'L 


NORTH ADAMS 


MA 



5320 4 
75222 
13201 
850 8 
94042 
018 03 
27604 
950 51 
94304 

32901 
01247 



